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ENVIRONMENTAL  PROTECTION 
AGENCY 

40  CFR  Part  60 
IFRL  1276-2] 

Standards  of  Performance  for  New 
Stationary  Sources;  Gas  Turbines 

agency:  Environmental  Protection 
Agency. 

ACTION:  Final  rule. _ . 

summary:  This  rule  establishes 
standards  of  performance  which  limit 
emissions  of  nitrogen  oxides  and  sulfur 
dioxide  from  new,  modihed  and 
reconstructed  stationary  gas  turbines. 
The  standards  implement  the  Clean  Air 
Act  and  are  based  on  the 
Administrator’s  determination  that 
stationary  gas  turbines  contribute 
significantly  to  air  pollution.  The 
intended  effect  of  this  regulation  is  to 
require  new,  modified  and  reconstructed 
stationary  gas  turbines  to  use  the  best 
demonstrated  system  of  continuous 
emission  reduction. 

EFFECTIVE  DATE:  September  10, 1979. 
ADDRESSES:  The  Standards  Supportand 
Environmental  Impact  Statement 
(SSEIS)  may  be  obtained  from  the  U.S. 
EPA  Library  (MD-35),  Research  Triangle 
Park,  North  Carolina  27711  (specify 
Standards  Support  and  Environmental 
Impact  Statement,  Volume  2: 
Promulgated  Standards  of  Performance 
for  Stationary  Gas  Turbines,  EPA-450/ 
2-77-017b). 

FOR  FURTHER  INFORMATION  CONTACT: 

Don  R.  Goodwin,  Director,  Emission 
Standards  and  Engineering  Division. 
Environmental  Protection  Agency, 
Research  Triangle  Park,  North  Carolina 
27711,  telephone  No.  (919)  541-5271. 
SUPPLEMENTARY  INFORMATION: 

The  Standards 

The  promulgated  standards  apply  to 
all  new,  modified,  and  reconstructed 
stationary  gas  turbines  with  a  heat  input 
at  peak  load  equal  to  or  greater  than 
10.7  gigajoules  per  hour  (about  1,000 
horsepower).  The  standards  apply  to 
simple  and  regenerative  cycle  gas 
turbines  and  to  the  gas  turbine  portion 
of  a  combined  cycle  steam/electric 
generating  system. 

The  promulgated  standards  limit  the 
concentration  of  nitrogen  oxides  (NOx) 
in  the  exhaust  gases  from  stationary  gas 
turbines  with  a  heat  input  from  10.7  to 
and  including  107.2  gigajoules  per  hour 
(about  1,000  to  10,000  horsepower),  from 
offshore  platform  gas  turbines,  and  from 
stationary  gas  turbines  used  for  oil  or 
gas  transportation  and  production  not 
located  in  a  Metropolitan  Statistical 
Area  (MSA),  to  0.0150  percent  by 
volume  (150  PPM)  at  15  percent  oxygen 
on  a  dry  basis.  The  promulgated 
standards  also  limit  the  concentration  of 


NOx  in  the  exhaust  gases  from 
stationary  gas  turbines  with  a  heat  input 
greater  than  107.2  gigajoules  per  hour, 
and  from  stationary  gas  turbines  used 
for  oil  or  gas  transportation  and 
production  located  in  an  MSA,  to  0.0075 
percent  by  volume  (75  PPM)  at  15 
percent  oxygen  on  a  dry  basis  (see 
Table  1  for  summary  of  NOx  emission 
limits).  Both  of  these  emission  limits  (75 
and  150  PPM)  are  adjusted  upward  for 
gas  turbines  with  thermal  efHciencies 
greater  than  25  percent  using  an 
equation  included  in  the  promulgated 
standards.  These  emission  limits  are 
also  adjusted  upward  for  gas  turbines 
burning  fuels  with  a  nitrogen  content 
greater  than  0.015  percent  by  weight 
using  a  fuel-bound  nitrogen  allowance 
factor  included  in  the  promulgated 
standards,  or  a  “custom”  fuel-bound 
nitrogen  allowance  factor  developed  by 
the  gas  turbine  manufacturer  and 
approved  for  use  by  EPA.  Custom  fuel- 
bound  nitrogen  allowance  factors  must 
be  substantiated  with  data  and 
approved  for  use  by  the  Administrator 
before  they  may  be  used  for  determining 
compliance  with  the  standards. 

The  promulgated  NO.  emission  limits 
are  referenced  to  International  Standard 
Organization  (ISO)  standard  day 
conditions  of  288  degrees  Kelvin,  60 
percent  relative  humidity,  and  101.3 
kilopascals  (1  atmosphere)  pressure. 
Measured  NOx  emission  levels, 
therefore,  are  adjusted  to  ISO  reference 
conditions  by  use  of  an  ambient 
condition  correction  factor  included  in 
the  standards,  or  by  a  custom  ambient 
condition  correction  factor  developed  by 
the  gas  turbine  manufacturer  and 
approved  for  use  by  EPA.  Custom 
ambient  condition  correction  factors  can 
only  include  the  following  variables: 
combustor  inlet  pressure,  ambient  air 
pressure,  ambient  air  humidity,  and 
ambient  air  temperature.  These  factors 
must  be  substantiated  with  data  and 
approved  for  use  by  the  Administrator 
before  they  may  be  used  for  determining 
compliance  with  the  standards. 


Stationary  gas  turbines  with  a  heat 
input  at  peak  load  from  10.7  to,  and 
including,  107.2  gigajoules  per  hour  are 
to  be  exempt  from  the  NO,  emission 
limit  included  in  the  promulgated 
standards  for  five  years  from  the  date  of 
proposal  of  the  standards  (October  3, 
1977).  New  gas  turbines  with  this  heat 
input  at  peak  load  which  are 
constructed,  or  existing  gas  turbines 
with  this  heat  input  at  peak  load  which 
are  modified  or  reconstructed  during 
this  five-year  period  do  not  have  to 
comply  with  the  NO,  emission  limit 
included  in  the  promulgated  standards 
at  the  end  of  this  period.  Only  those  new 
gas  turbines  which  are  constructed,  or 
existing  gas  turbines  which  are  modified 
or  reconstructed,  following  this  five-year 
period  must  comply  with  the  NO, 
emission  limit. 

Emergency-standby  gas  turbines, 
military  training  gas  turbines,  gas 
turbines  involved  in  certain  research 
and  development  activities,  and 
firefighting  gas  turbines  are  exempt  from 
compliance  with  the  NO,  emission  limits 
included  in  the  promulgated  standards. 
In  addition,  stationary  gas  turbines 
using  wet  controls  are  temporarily 
exempt  from  the  NO,  emission  limit 
during  those  periods  when  ice  fog 
created  by  the  gas  turbine  is  deemed  by 
the  owner  or  operator  to  present  a 
traffic  hazard,  and  during  periods  of 
drought  when  water  is  not  available. 

None  of  the  exemptions  mentioned 
above  apply  to  the  sulfur  dioxide  (SOz) 
emission  limit.  The  promulgated 
standards  limit  the  SOz  concentration  in 
the  exhaust  gases  from  stationary  gas 
turbines  with  a  heat  input  at  peak  load 
of  10.7  gigajoules  per  hour  or  more  to 
0.015  percent  by  volume  (150  PPM) 
corrected  to  15  percent  oxygen  on  a  dry 
basis.  The  standards  include  an 
alternative  SOz  emission  limit  on  the 
sulfur  content  of  the  fuel  of  0.8  percent 
sulfur  by  weight  (see  Table  1  for 
summary  of  exemptions  and  SOz 
emission  limits). 


Table  Summary  of  Gas  Turbine  New  Source  Performance  Standard 


Gas  turbine  size  and  usage  NO,  emis. 

Applicability  date  for 

SOi  emission  limit 

Applicability  date  for 

Sion  limit ' 

NO, 

SO, 

tess  than  10.7  gigajoules/hour  (all  uses) . None . 

.  Standard  does  not  - 

Nora . 

Standard  does  not 

Between  10.7  and  107.2  giga|Oules/hour  (all  150  ppm.... 

apply. 

apply. 

.  October  8. 1982 . 

150  ppm  SO,  or  tire  a 

October  3.  1977 

uses). 

lu^  with  less  than 
0.8%  sulfur. 

Greater  than  or  equal  to  107.2 

gigajoules/hour 

1.  Gas  and  oil  transportation  or  produc-  150  ppm.... 
lion  not  located  in  an  MSA. 

.  October  3, 1977 _ 

Same  as  above . 

October  3.  1977 

2.  Gas  and  oil  transportation  or  produc-  75  ppm...... 

tion  located  in  an  MSA. 

.  October  3. 1977._ . 

Same  as  above . 

O:»ober  3,  1977 

Octobers,  1977 
Octobers.  1977 

Emergency  standby,  firefighting,  military  Nora . 

.  Standard  does  not 

Same  as  above . 

(except  for  garrison  facility),  military  Pain¬ 
ing,  and  research  and  development  tur¬ 
bines. 

apply. 

‘  NO,  emission  limit  adjusted  upward  for  gas  fcirbines  with  thermal  elficiertcies  greater  than  25  percent  and  for  gas  turbines 
firing  fuels  with  a  nitrogen  content  of  more  than  0.015  weight  percent  Measured  NO,  emissions  adjusted  to  ISO  conditions  in 
determining  compliance  with  the  NO,  emission  limit. 
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Environmental,  Energy,  and  Economic 
Impact 

The  promulgated  standards  will 
reduce  NO*  emissions  by  about  190,000 
tons  per  year  by  1982  and  by  400,000 
tons  per  year  by  1987.  This  reduction 
will  be  realized  with  negligible  adverse 
solid  waste  ancUnoise  impacts. 

The  adverse  water  pollution  impact 
associated  with  the  promulgated 
standards  will  be  minimal.  The  quantity 
of  water  or  steam  required  for  injection 
into  the  gas  turbine  to  reduce  NO, 
emissions  is  less  than  5  percent  of  the 
water  consumed  by  a  comparable  size 
steam/electric  power  plant  using  cooling 
towers.  There  will  be  no  adverse  water 
pollution  impact  associated  with  those 
gas  turbines  which  employ  dry  NO, 
control  technology. 

The  energy  impact  associated  with  the 
promulgated  standards  will  be  small. 

Gas  turbine  fuel  consumption  could 
increase  by  as  much  as  5  percent  in  the 
worst  cases.  The  actual  energy  impact 
depends  on  the  rate  of  water  injection 
necessary  to  comply  with  the 
promulgated  standards.  Assuming  the 
“worst  case,”  however,  the  standards 
would  increase  fuel  consumption  of 
large  stationary  gas  turbines  (i.e., 
greater  than  10,000  horsepower)  by 
about  5,500  barrels  of  fuel  oil  per  day  in 
1982.  The  standards  would  increase  fuel 
consumption  of  small  stationary  gas 
turbines  (i.e.,  less  than  10,000 
horsepower)  by  about  7,000  barrels  of 
fuel  oil  per  day  in  1987.  This  is 
equivalent  to  an  increase  in  projected 
1982  and  1987  national  crude  oil 
consumption  of  less  than  0.03  percent. 

As  mentioned,  these  estimates  are 
based  on  “worst  case"  assumptions.  The 
actual  energy  impact  of  the  promulgated 
standard  is  expected  to  be  much  lower 
than  these  estimates  because  most  gas 
turbines  will  not  experience  anywhere 
near  a  5  percent  fuel  penalty  due  to 
water  or  steam  injection.  In  addition, 
many  gas  turbines  will  comply  with  the 
standards  using  dry  control,  which  in 
most  cases  has  no  energy  penalty. 

The  economic  impact  associated  with 
the  promulgated  standards  is  considered 
reasonable.  The  standards  will  increase 
the  capital  costs  or  purchase  price  of  a 
gas  turbine  for  most  installations  by 
about  1  to  4  percent.  The  annualized 
costs  will  be  increased  by  about  1  to  4 
percent,  with  the  largest  application, 
utilities,  realizing  less  than  a  2  percent 
increase. 

The  promulgated  standards  will 
increase  the  total  capital  investment 
requirements  for  users  of  large 
stationary  gas  turbines  by  about  36 
million  dollars  by  1982.  For  the  period 
1982  through  1987,  the  standards  will 


increase  the  capital  investment 
requirements  fbr  users  of  both  large  and 
small  stationary  gas  turbines  by  about 
67  million  dollars.  Total  annualized 
costs  for  these  users  of  stationary  gas 
turbines  will  be  increased  by  about  11 
million  dollars  in  1982  and  by  about  30 
million  dollars  in  1987.  These  impacts 
will  result  in  price  increases  for  the  end 
products  or  services  provided  by 
industrial  and  commercial  users  of 
stationary  gas  turbines  ranging  from  less 
than  0.01  percent  in  the  petroleum 
refining  industry,  to  about  0.1  percent  in 
the  electric  utility  industry. 

Public  Participation 

Prior  to  proposal  of  the  standards, 
interested  parties  were  advised  by 
public  notice  in  the  Federal  Register  of 
meetings  of  the  National  Air  Pollution 
Control  Techniques  Advisory 
Committee  to  discuss  the  standards 
recommended  for  proposal.  These 
meetings  occurred  on  February  21, 1973; 
May  30, 1973;  and  January  9, 1974.  The 
meetings  were  open  to  the  public  and 
each  attendee  was  given  ample 
opportunity  to  comment  on  the 
standards  recommended  for  proposal. 
The  standards  were  proposed  and 
published  in  the  Federal  Register  on 
October  3. 1977.  Public  comments  were 
solicited  at  that  time  and.  when 
requested,  copies  of  the  Standards 
Support  and  ^vironmental  Impact 
Statement  (SSEIS)  were  distributed  to 
interested  parties.  The  public  comment 
period  extended  from  October  3, 1977,  to 
January  31, 1978. 

Seventy-eight  comment  letters  were 
received  on  the  proposed  standards  of 
performance.  These  comments  have 
been  carefully  considered  and,  where 
determined  to  be  appropriate  by  the 
Administrator,  changes  have  been  made 
in  the  standards  which  were  proposed. 

Significant  Comments  and  Changes  to 
the  Proposed  Regulation 

Comments  on  the  proposed  standards 
were  received  from  electric  utilities,  oil 
and  gas  producers,  gas  turbine 
manufacturers,  State  air  pollution 
control  agencies,  trade  and  professional 
associations,  and  several  Federal 
agencies.  Detailed  discussion  of  these 
comments  can  be  found  in  Volume  2  of 
the  SSEIS.  The  major  comments  can  be 
combined  into  the  following  areas: 
general,  emission  control  technology, 
modification  and  reconstruction, 
economic  impacts,  environmental 
impacts,  energy  impacts,  and  test 
methods  and  monitoring. 

General 

Small  stationary  gas  turbines  (i.e. 
those  with  a  heat  input  at  peak  load 


between  10.7  and  107.2  gigajoules  per 
hour — about  1,000  to  10,000  horsepower) 
are  exempt  from  the  standards  for  a 
period  of  five  years  following  the  date  of 
proposal.  Some  commenters  felt  it  was 
not  clear  whether  small  gas  turbines 
would  be  required  to  retrofit  NO, 
emissions  controls  after  the  exemption 
period  ended.  These  commenters  felt 
this  was  not  the  intent  of  the  standards 
and  they  recommended  that  this  point 
be  clarified. 

The  intent  of  both  the  proposed  and 
the  promulgated  standards  is  to  consider 
small  gas  turbines  which  have 
commenced  construction  on  or  before 
the  end  of  the  five  year  exemption 
period  as  existing  facilities.  These 
facilities  will  not  have  to  retrofit  at  the 
end  of  the  exemption  period.  This  point 
has  been  clarified  in  the  promulgated 
standards. 

Several  commenters  requested 
exemptions  for  temporary  and 
intermittent  operation  of  gas  turbines  to 
permit  research  and  development  into 
advanced  combustion  techniques  under 
full  scale  conditions. 

This  is  considered  a  reasonable 
request.  Therefore,  gas  turbines 
involved  in  research  and  development 
for  the  purpose  of  improving  combustion 
efficiency  or  developing  emission 
control  technology  are  exempt  from  the 
NO,  emission  limit  in  the  promulgated 
standards.  Gas  turbines  involved  in  this 
type  of  research  and  development 
generally  operate  intermittently  and  on 
a  temporary  basis.  The  standards  have 
been  changed,  therefore,  to  allow 
exemptions  in  such  situations  on  a  case- 
by-case  basis. 

Emissions  Control  Technology 

The  selection  of  wet  controls,  or  water 
injection,  as  the  best  system  of  emission 
reduction  for  stationary  gas  turbines 
was  criticized  by  a  number  of 
commenters.  These  commenters  pointed 
out  that  although  dry  controls  will  not 
reduce  emissions  as  much  as  wet 
controls,  dry  controls  will  reduce  NO, 
emissions  without  the  objectionable 
results  of  water  injection  (i.e.,  increased 
fuel  consumption  and  difficulty  in 
securing  water  of  acceptable  quality). 
These  commenters,  therefore, 
recommended  postponement  of 
standards  until  dry  controls  can  be 
implemented  on  gas  turbines. 

As  pointed  out  in  Volume  1  of  the 
SSEIS,  a  high  priority  has  been 
established  for  control  of  NO, 
emissions.  Wet  and  dry  controls  are 
considered  the  only  viable  alternative 
control  techniques  for  reducing  NO, 
emissions  from  gas  turbines.  Control  of 
NO,  emissions  by  either  of  these  two 
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alternatives  clearly  favored  the 
development  of  the  standards  of 
performance  based  on  wet  controls  from 
an  environmental  viewpoint.  Reductions 
in  NO,  emissions  of  more  than  70 
percent  have  been  demonstrated  using 
wet  controls  on  many  large  gas  turbines 
used  in  utility  and  industrial 
applications.  Thus,  wet  controls  can  be 
applied  immediately  to  large  gas 
turbines,  which  account  for  85-90 
percent  of  NO,  emissions  from  gas 
turbines. 

The  technology  of  wet  control  is  the 
same  for  both  large  and  small  gas 
turbines.  The  manufacturers  of  small  gas 
turbines,  however,  have  not 
experimented  with  or  developed  this 
technology  to  the  same  extent  as  the 
manufacturers  of  large  gas  turbines.  In 
addition,  small  gas  turbines  tend  to  be 
produced  or  more  of  an  assembly  line 
basis  than  large  gas  turbines. 
Consequently,  the  manufacturers  of 
small  gas  turbines  need  a  lead  time  of 
five  years  (based  on  their  estimates)  to 
design,  test,  and  incorporate  wet 
controls  on  small  gas  turbines. 

Even  with  a  five-year  delay  in 
application  of  standards  to  small  gas 
turbines,  standards  of  performance 
based  on  wet  controls  will  reduce 
national  NO,  emissions  by  about  190.000 
tons  per  year  by  1982.  Therefore,  the 
reduction  in  NO,  emissions  resulting 
from  standards  based  on  wet  controls  is 
significant. 

Dry  controls  have  demonstrated  NO, 
emissions  reduction  of  only  about  40 
percent  in  laboratory  and  combustor  rig 
tests.  Because  of  the  advanced  state  of 
research  and  development  into  dry 
control  by  the  manufacturers  of  large 
gas  turbines,  the  much  longer  lead  time 
involved  in  ordering  large  gas  turbines, 
and  the  greater  attention  that  can  be 
given  to  "custom”  engineering  designs  of 
large  gas  turbines,  dry  controls  can  be 
implemented  on  large  gas  turbines 
immediately.  Manufacturers  of  small  gas 
turbines,  however,  estimate  that  it 
would  take  them  as  long  to  incorporate 
dry  controls  as  wet  controls  on  small 
gas  turbines.  Basing  the  standards  only 
on  dry  controls,  therefore,  would 
significantly  reduce  the  amount  of  NO, 
emission  reductions  achieved. 

The  economic  impact  of  standards 
based  on  wet  controls  is  considered 
reasonable  for  large  gas  turbines.  (See 
Economic  Impact  Discussion.)  Thus,  wet 
controls  represent  ".  .  .  the  best  system 
of  continuous  emission  reduction  .  .  . 
(taking  into  consideration  the  cost  of 
achieving  such  emission  reduction,  any 
nonair  quality  health  and  environmental 
impact  and  energy  requirements) .  . 
for  large  gas  hirbines. 


The  economic  impact  of  standards 
based  on  wet  controls,  however,  is 
considered  unreasonable  for  small  gas 
turbines,  gas  turbines  located  on 
offshore  platforms,  and  gas  turbines 
employed  in  oil  or  gas  production  and 
transportation  which  are  not  located  in 
a  Metropolitan  Statistical  Area.  The 
economic  impact  of  standards  based  on 
dry  controls,  on  the  other  hand,  is 
considered  reasonable  for  these  gas 
turbines.  (See  Economic  Impact 
Discussion.)  Thus,  dry  controls 
represent  .  .  the  best  system  of 
continuous  emission  reduction  .  .  . 
(taking  into  consideration  the  cost  of 
achieving  such  emission  reduction,  any 
nonair  quality  health  and  environmental 
impact  and  energy'  requirements) .  .  .” 
for  small  gas  turbines,  gas  turbines 
located  on  offshore  platforms,  and  gas 
turbines  employed  in  oil  or  gas 
production  and  transportation  which  are 
not  located  in  a  Metropolitan  Statistical 
Area. 

Volume  1  of  the  SSEIS  summarizes  the 
data  and  information  available  from  the 
literature  and  other  nonconfidential 
sources  concerning  the  effectiveness  of 
dry  controls  in  reducing  NO,  emissions 
from  stationary  gas  turbines.  More 
recently,  additional  data  and 
information  have  been  published  in  the 
Proceedings  of  the  Third  Stationary 
Source  Combustion  Symposium  (EPA- 
600/7-79-050C),  Advanced  Combustion 
Systems  for  Stationary  Gas  Turbines 
(interim  report)  preprared  by  the  Pratt 
and  Whitney  Aircraft  Group  for  EPA 
(Contract  68-02-2136),  “Experimental 
Clean  Combustor  Program  Phase  III” 
(NASA  CR-135253)  also  prepared  by  the 
Pratt  and  Whitney  Aircraft  Group  for 
the  National  Aeronautics  and  Space 
Administration  (NASA),  and  “Aircraft 
Engine  Emissions”  (NASA  Conference 
Publication  2021).  l^ese  data  and 
information  show  that  dry  controls  can 
reduce  NO,  emissions  by  about  40 
percent.  Multiplying  this  reduction  by  a 
typical  NO,  emission  level  from  an 
uncontrolled  gas  turbine  of  about  250 
ppm  leads  to  an  emission  limit  for  dry 
controls  of  150  ppm.  This,  therefore,  is 
the  numerical  emission  limit  included  in 
the  promulgated  standards  for  small  gas 
turbines,  gas  turbines  located  on 
offshore  platforms,  and  gas  turbines 
employed  in  oil  or  gas  production  or 
transportation  which  are  not  located  in 
Metropolitan  Statistical  Areas. 

The  five-year  delay  from  the  date  of 
proposal  of  the  standards  in  the 
applicability  date  of  compliance  with 
the  NO,  emission  limit  for  small  gas 
turbines  has  been  retained  in  the 
promulgated  standards.  As  discussed 
above,  manufacturers  of  small  gas 


turbines  have  estimated  that  it  will  take 
this  long  to  incorporate  either  wet  or  dry 
controls  on  these  gas  turbines. 

Several  commenters  criticized  the 
fuel-bound  nitrogen  allowance  included 
in  the  proposed  standards.  It  was  felt 
that  greater  flexibility  in  the  equations 
used  to  calculate  the  fuel-bound 
nitrogen  NO,  emissioris' contribution 
should  be  permitted,  due  to  the  limited 
data  on  conversion  of  fuel-bound 
nitrogen  to  NO,.  These  commenters 
recommended  that  manufacturers  of  gas 
turbines  be  allowed  to  develop  their 
own  fuel-bound  nitrogen  allowance. 

As  discussed  in  Volume  I  of  the 
SSEIS,  the  reaction  mechanism  by  which 
fuel-bound  nitrogen  contributes  to  NO, 
emissions  is  not  fully  understood.  In 
addition,  emission  data  are  limited  with 
respect  to  fuels  containing  significant 
amounts  of  fuel-bound  nitrogen.  The 
problem  of  quantifying  the  fuel-bound 
nitrogen  contribution  to  total  NO, 
emissions  is  further  complicated  by  the 
fact  that  the  amount  of  nitrogen  in  the 
fuel  has  an  effect  on  this  contribution. 

In  light  of  this  sparsity  of  data,  the 
commenters’Tecommendations  seem 
reasonable.  Therefore,  a  provision  has 
been  added  to  the  standards  to  allow 
manufacturers  to  develop  custom  fuel- 
bound  nitrogen  allowances  for  each  gas 
turbine  model  The  use  of  these  factors, 
however,  must  be  approved  by  the 
Administrator  before  the  initial 
performance  test  required  by  Section' 

60.8  of  the  General  ftovisions.  Petitions 
by  manufacturers  for  approval  of  the  use 
of  custom  fuel-bound  nitrogen 
allowance  factors  must  be  supported  by 
data  which  clearly  provide  a  basis  for 
determining  the  contribution  of  fuel- 
bound  nitrogen  to  total  NO,  emissions. 

In  addition,  in  no  case  will  EPA  approve 
a  custom  fuel-bound  nitrogen  allowance 
factor  which  would  permit  an  increase 
in  NO,  emissions  of  more  than  50  ppm. 
(See  Energy  Impact  Discussion.)  Notice 
of  approval  of  the  use  of  these  factors 
for  various  gas  turbine  models  will  be 
given  in  the  Federal  Register. 

Modiffcation  and  Reconstruction 

Some  commenters  felt  that  existing 
gas  turbines  which  now  bum  natural  gas 
and  are  subsequently  altered  to  burn  oil 
should  be  exempt  from  consideration  as 
modifications.  The  high  cost  and 
technical  difficulties  of  compliance  with 
the  standards  would  discourage  fuel 
switching  to  conserve  natural  gas 
supplies. 

As  outlined  in  the  General  Provisions 
of  40  CFR  Part  60,  which  are  applicable 
to  all  standards  of  performance,  most 
changes  to  an  existing  facility  which 
result  in  an  increase  in  emission  rate  to 


Federal  Register  /  Vol.  44,  No.  176  /  Monday,  September  10,  1979  /  Rules  and  Regulations  52795 


the  atmosphere  are  considered 
modifications.  However,  according  to 
section  60.14(e)(4)  of  the  General 
Provisions,  the  use  of  an  alternative  fuel 
or  raw  material  shall  not  be  considered 
a  modification  if  the  existing  facility 
was  designed  to  accommodate  that 
alternative  use.  Therefore,  if  a  gas 
turbine  is  designed  to  fire  both  natural 
gas  and  oil,  then  switching  from  one  fuel 
to  the  other  would  not  be  considered  a 
modification  even  if  emissions  were 
increased.  If  a  gas  turbine  that  is  not 
designed  for  firing  both  fuels  is  switched 
from  firing  natural  gas  to  firing  oil, 
installation  of  new  injection  nozzles 
which  increase  mixing  to  reduce  NO, 
production,  or  installation  of  new  NO, 
combustors  currently  on  the  market, 
would  in  most  cases  maintain  emissions 
at  their  previous  levels.  Since  emissions 
would  not  increase,  the  gas  turbine 
would  not  be  considered  modified,  and 
the  real  impact  of  the  standards  on  gas 
turbines  switching  from  natural  gas  to 
oil  will  probably  be  quite  small. 
Therefore,  no  special  provisions  for  fuel 
switching  have  been  included  in  the 
promulgated  standards. 

Economic  Impact 

Several  commenters  stated  that  water 
injection  could  increase  maintenance 
costs  significantly.  One  reason  cited 
was  that  chemicals  and  minerals  in  the 
water  would  likely  be  deposited  on 
internal  surfaces  of  gas  turbines,  such  as 
turbine  blades,  leading  to  downtime  for 
repair  and  cleaning.  In  addition,  the 
commenters  felt  that  higher 
maintenance  requirements  could  be 
expected  due  to  the  increased 
complexity  of  a  gas  turbine  with  water 
injection. 

As  pointed  out  in  Volume  1  of  the 
SSEIS,  to  avoid  deposition  of  chemicals 
and  minerals  on  gas  turbine  blades,  the 
water  used  for  water  injection  must  be 
treated.  Costs  for  water  treatment  were 
included  in  the  overall  costs  of  water 
injection  and,  for  large  gas  turbines, 
these  costs  are  considered  reasonable. 

Actual  maintenance  and  operating 
costs  for  gas  turbines  operating  with 
water  or  steam  injection  are  limited. 
Several  major  utilities,  however,  have 
accumulated  significant  amounts  of 
operating  time  on  gas  turbines  using 
water  or  steam  injection  for  control  of 
NO,  emissions.  There  have  been  some 
problems  attributable  to  water  or  steam 
injection,  but  based  on  the  data 
available,  these  problems  have  been 


conHned  to  initial  periods  of  operation 
of  these  systems.  Most  of  these  reported 
problems  such  as  turbine  blade  damage, 
flame-outs,  water  hammer  damage,  and 
ignition  problems,  were  easily  corrected 
by  minor  redesign  of  the  equipment 
hardware.  Because  of  the  knowledge 
gained  from  these  systems,  such 
problems  should  not  arise  in  the  future. 

As  mentioned,  some  utilities  have 
accumulated  substantial  operating 
experience  without  any  significant 
increase  in  maintenance  or  operating 
costs  or  other  adverse  effects.  One 
utility,  for  example,  has  used  water 
injection  on  two  gas  turbines  for  over 
55,000  hours  without  making  any  major 
changes  to  their  normal  maintenance 
and  operating  procedures.  They 
followed  procedures  essentially 
identical  to  those  required  for  a  similar 
gas  turbine  not  using  water  injection, 
and  the  plant  experienced  no  outages 
attributable  to  the  water  injection 
system.  Another  company  has 
accumulated  over  92,000  hours  of 
operating  time  with  water  injection  on 
17  gas  turbines  with  approximately  116 
hours  of  outage  attributable  to  their 
water  injection  system.  Increased 
maintenance  costs  which  can  be 
attributed  to  these  water  injection 
systems  are  not  available,  as  such  costs 
were  not  accounted  for  separately  from 
normal  maintenance.  However,  they 
were  not  reported  as  significant. 

Some  commenters  exresssed  the 
opinion  that  the  cost  estimates  for 
controlling  NO*  emissions  from  large 
gas  turbines  were  too  low.  Accordingly, 
these  commenters  felt  that  wet  control 
technology  should  not  be  the  basis  of 
the  standards  for  large  stationary  gas 
turbines. 

The  costs  associated  with  wet  control 
technology  for  large  gas  turbines  were 
reassessed.  In  a  few  cases,  it  appeared 
the  water-to-fuel  ratio  used  in  Volume  1 
of  the  SSEIS  was  somewhat  low.  In 
these  cases,  the  capital  and  annualized 
operating  costs  associated  with  wet 
control  on  large  gas  turbines  were 
revised  to  reflect  injection  of  more  water 
into  the  gas  turbine.  None  of  these 
revisions,  however,  resulted  in  a 
significant  change  in  the  projected 
economic  impact  of  wet  controls  on 
large  gas  turbines.  Thus,  depending  on 
the  size  and  end  use  of  large  gas 
turbines,  wet  controls  are  still  projected 
to  increase  capital  and  annualized 
operating  costs  by  no  more  than  1  to  4 


percent.  Increases  of  this  order  of 
magnitude  are  considered  reasonable  in 
light  of  the  70  percent  reduction  in  NO, 
emissions  achieved  by  wet  controls. 
Consequently,  the  basis  of  the 
promulgated  standards  for  large  gas 
turbines  remains  the  same  as  that  for 
the  proposed  standards — wet  controls. 

A  number  of  commenters  also 
expressed  the  opinion  that  the  cost 
estimates  for  wet  controls  to  reduce  NO, 
emissions  from  small  gas  turbines  were 
too  low.  Therefore,  the  standards  for 
small  gas  turbines  should  not  be  based 
on  wet  controls. 

Information  included  in  the  comments 
submitted  by  manufacturers  of  small  gas 
turbines  indicated  the  costs  of 
redesigning  these  gas  turbines  for  water 
injection  are  much  greater  than  those 
included  in  Volume  1  of  the  SSEIS. 
Consequently,  it  appears  the  costs  of 
water  injection  would  increase  the 
capital  cost  of  small  gas  turbines  by 
about  16  percent,  rather  than  about  4 
percent  as  originally  estimated.  Despite 
this  increase  in  capital  costs,  it  does  not 
appear  water  injection  would  increase 
the  annualized  operating  costs  of  small 
gas  turbines  by  more  than  1  to  4  percent 
as  originally  estimated,  due  to  the 
predominance  of  fuel  costs  in  operating 
costs.  An  increase  of  16  percent  in  the 
capital  cost  of  small  gas  turbines, 
however,  is  considered  unreasonable. 

Very  little  information  was  presented 
in  Volume  1  of  the  SSEIS  concerning  the 
costs  of  dry  controls.  The  conclusion 
w'as  drawn,  however,  that  these  costs 
would  undoubtedly  be  less  than  those 
associated  with  wet  controls. 

Little  information  was  also  included  in 
the  comments  submitted  by  the 
manufacturers  of  small  gas  turbines 
concerning  the  costs  of  dry  controls. 
Most  of  the  cost  information  dealt  with 
the  costs  of  wet  controls.  One 
manufacturer,  however,  did  submit 
limited  information  which  appears  to 
indicate  that  the  capital  cost  impact  of 
dry  controls  on  small  gas  turbines  might 
be  only  a  quarter  of  that  of  wet  controls. 
Thus,  dry  controls  might  increase  the 
capital  costs  of  small  gas  turbines  by 
only  about  4  percent.  The  potential 
impact  of  dry  controls  on  annualized 
operating  costs  would  certainly  be  no 
greater  than  wet  controls,  and  would 
probably  be  much  less.  Consequently,  it 
appears  dry  controls  might  increase  the 
capital  costs  of  small  gas  turbines  by 
about  4  percent  and  the  annualized 
operating  costs  by  about  1  to  4  percent. 
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The  magnitude  of  these  impacts  is 
essentially  the  same  as  those  originally 
associated  with  wet  controls- in  Volume 
1  of  the  SSEIS,  and  they  are  considered 
reasonable.  Consequently,  the  basis  of 
the  promulgated  standards  for  small  gas 
turbines  is  dry  controls. 

A  number  of  commenters  stated  that 
the  costs  associated  with  wet  controls 
on  gas  turbines  located  on  offshore 
platforms,  and  in  arid  and  remote 
regions  were  unreasonable.  These 
commenters  felt  that  the  costs  of 
obtaining,  transporting,  and  treating 
water  in  these  areas  prohibited  the  use 
of  water  injection. 

As  mentioned  by  the  conunenters,  the 
costs  associated  with  water  injection  on 
gas  turbines  in  these  locations  are  ail 
related  to  lack  of  water  of  acceptable 
quality  or  quantity.  Review  of  the  costs 
included  in  Volume  1  of  the  SSEIS  for 
water  injection  on  gas  turbines  located 
on  offshore  platforms,  indicates  that  the 
required  exi>enditures  for  platform 
space  were  not  incorporated  into  these 
estimates.  Based  on  information 
included  in  the  comments,  platform 
space  is  very  expensive,  and  averages 
approximately  $400  per  square  foot. 
When  this  cost  is  included,  the  use 
water  treatment  systems  to  provide 
water  for  NO.  emissions  control  would 
increase  the  capital  costs  of  a  gas 
turbine  located  on  an  offshore  platform 
by  approximately  33  p)ercent.  liiis  is 
considered  an  unreasonable  economic 
impact.  / 

Dry  controls,  unlike  wet  controls, 
would  not  require  additional  space  on 
offshore  platforms.  Although  most  gas 
turbines  located  on  offshore  platforms 
would  be  considered  small  gas  turbines 
under  the  standards,  it  is  possible  that 
some  large  gas  turbines  might  be  located 
on  offshore  platforms.  Therefore,  all  the 
information  available  concerning  the 
costs  associated  with  standards  based 
on  dry  controls  for  large  gas  turbines 
was  reviewed. 

Unfortunately,  no  additional 
information  on  the  costs  of  dry  controls 
was  included  in  the  comments 
submitted  by  the  manufacturers  of  large 
gas  turbines.  As  mentioned  above,  the 
information  presented  in  Volume  1  of 
the  SSEIS  is  very  limited  concerning  the 
costs  of  dry  controls,  although  the 
conclusion  is  drawn  that  these  costs 
would  undoubtedly  be  less  than  the 
costs  of  wet  controls.  It  also  seems 
reasonable  to  assume  that  the  costs  of 
dry  controls  on  large  gas  turbines  would 
certainly  be  less  than  the  costs  of  dry 
controls  on  small  gas  turbines. 
Consequently,  standards  based  on  dry 
controls  should  not  increase  the  capital 
and  annualized  operating  costs  of  large 
gas  turbines  by  more  than  the  1  to  4 


percent  projected  for  small  gas  turbines. 
This  conclusion  even  seems 
conservative  in  light  of  the  projected 
increase  in  capital  and  annualized 
operating  posts  for  wet  controls  on  large 
gas  tiu'bines  of  no  more  than  1  to  4 
percent.  In  any  event,  the  costs  of 
standards  based  on  dry  controls  for 
large  gas  turbines  are  considered 
'reasonable.  Therefore,  the  promulgated 
standards  for  gas  turbines  located  on 
offshore  platforms  are  based  on  dry 
controls. 

In  many  arid  and  remote  regions,  gas 
turbines  would  have  to  obtain  water  by 
trucking,  installing  pipelines  to  the  site, 
or  by  construction  of  large  water 
reservoirs.  While  costs  included  in 
Volume  1  of  the  SSEIS  do  not  show 
trucking  of  water  to  gas  tiu’bine  sites  to 
be  unreasonable,  these  costs  are  not 
based  on  actual  remote  area  conditions. 
That  is,  these  costs  are  based  on  paved 
road  conditions  and  standard  ICC 
freight  rates.  Gas  hirbines  located  in 
arid  and  remote  regions,  however,  are 
not  likely  to  have  good  access  roads. 
Consequently,  it  is  felt  that  the  costs  of 
trucking  water,  laying  a  water  pipeline, 
or  constructing  a  water  reservoir  would 
be  unreasonable  for  most  arid  and 
remote  areas. 

As  discussed  above,  the  economic 
impact  of  standards  based  on  dry 
controls  for  both  large  and  small  gas 
turbines  in  considered  reasonable. 
Consequently,  provisions  have  been 
included  in  the  promulgated  standards 
which  essentially  require  gas  turbines 
located  in  arid  and  remote  areas  to 
comply  with  an  NO,  emission  limit 
based  on  the  use  of  dry  controls.  A 
number  of  options  were  considered 
before  the  specific  provisions  included 
in  the  promulgated  standards  were 
selected. 

The  first  option  considered  was 
defining  the  term  “arid  and  remote.” 
While  this  is  conceptually 
straightforward,  it  prpved  impossible  to 
develop  a  satisfactory  definition  for 
regulatory  purposes.  The  second  option 
considered  was  defining  all  gas  turbines 
located  more  than  a  certain  distance 
from  an  adequate  water  supply  as  “arid 
and  remote”  gas  turbines.  Defining  the 
distance  and  an  adequate  water  supply, 
however,  proved  as  impossible  as 
defining  the  term  “arid  and  remote.”  Hie 
third  option  considered  was  a  case-by- 
case  exemption  for  gas  turbines  where 
the  costs  of  wet  controls  exceeded 
certain  levels.  This  option,  however, 
would  provide  incentive  to  owners  and 
operators  to  develop  grossly  inflated 
costs  to  justify  exemption  and  would 
require  detailed  analysis  of  each  case  on 
the  part  of  the  Agency  to  insure  this  did 


not  occur.  In  addition,  the  numerous 
disputes  and  disagreements  'wdiich 
would  undoubtedly  arise  imder  this 
option  would  lead  to  delays  and 
demands  on  limited  resources  within 
both  the  Agency  and  industry  to  resolve. 

Analysis  of  the  end  use  of  most  gas 
turbines  located  in  arid  and  remote 
regions  gave  rise  to  a  fourth  option. 
Generally,  gas  turbines  located  in  arid 
or  remote  regions  are  used  for  either  oil 
and  gas  production,  or  oil  and  gas 
transportation.  Consequently,  die 
promulgated  standards  require  gas 
turbines  employed  in  oil  and  gas 
production  or  oil  and  gas  transportation, 
which  are  not  located  in  a  Metropolitan 
Statistical  Area  (MSA),  to  meet  an  NO. 
emission  limit  based  on  the  use  of  dry 
controls.  The  promulgated  standards, 
however,  require  gas  turbines  employed 
in  oil  and  gas  production  or  oil  and  gas 
transportation  which  are  located  in  a 
MSA  to  meet  the  75  ppm  NO,  emission 
limit.  This  emission  limit  is  based  on  the 
use  of  wet  controls  and  in  an  MSA  a 
suitable  water  supply  for  water  injection 
will  be  available. 

Environmental  Impact 

A  number  of  commenters  felt  gas 
turbines  used  as  “peaking”  imits  should 
be  exempt.  Peaking  units  operate 
relatively  few  hours  per  year.  According 
to  commenters,  use  of  water  injection 
would  result  in  a  very  small  reduction  in 
annual  NO^  emissions  and  negligible 
improvement  in  ground  level 
concentrations. 

As  pointed  out  in  Volume  1  of  the 
SSEIS,  about  90  percent  of  all  new  gas 
turbine  capacity  is  expected  to  be 
installed  by  electric  utility  companies  to 
generate  electricity,  and  possibly  as 
much  as  75  percent  of  all  NO,  emissions 
from  stationary  gas  tiu-bines  are  emitted 
from  these  installations.  Of  these 
electric  utility  gas  hirbines,  a  large 
majority  are  used  to  generate  power 
during  periods  of  peak  demand. 
Consequently,  by  their  very  nature, 
peaking  gas  turbines  tend  to  operate 
when  the  need  for  emission  control  is 
greatest,  that  is,  when  power  demand  is 
highest  and  air  quality  is  usually  at  its 
worst.  Therefore,  it  does  not  seem 
reasonable  to  exempt  peaking  gas 
turbines  from  compliance  with  the 
standards. 

A  number  of  commenters  also  felt  that 
small  gas  turbines  should  be  exempt 
from  the  standards  because  they  emit 
only  about  10  percent  of  the  total  NO, 
emissions  from  all  stationary  gas 
turbines  and  therefore,  the 
environmental  impact  of  not  regulating 
these  turbines  would  be  small. 

A  high  priority  has  been  established 
for  NO,  emission  control  and  dry  control 
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techniques  are  considered  a 
demonstrated  and  economically 
reasonably  means  for  reducing  NO. 
emissions  from  small  gas  turbines. 
Therefore,  the  promulgated  standards 
limit  NOx  emissions  from  small  gas 
turbines  to  150  ppm  based  on  the  use  of 
dry  control  technology. 

Energy  Impact 

A  number  of  writers  commented  on 
the  potential  impact  of  the  standards  on 
the  use  of  the  oil-shale,  coal-derived, 
and  other  synthetic  fuels.  It  was 
generally  felt  that  these  types  of  fuels 
should  not  be  covered  by  the  the 
standards  at  this  time,  since  this  could 
hinder  their  development. 

Total  NOx  emissions  from  any 
combustion  source,  including  stationary 
gas  turbines,  are  comprised  of  thermal 
NOx  and  organic  NOx-  Thermal  NOx  is 
formed  in  a  well-defined  high 
temperature  reaction  between  oxygen 
and  nitrogen  in  the  combustion  air. 
Organic  NOx  is  produced  by  the 
combination  of  fuel-bound  nitrogen  with 
oxygen  during  combustion  in  a  reaction 
that  is  not  yet  fully  understood.  Shale 
oil,  coal-derived,  and  other  synthetic 
fuels  generally  have  high  nitrogen 
contents  and,  therefore,  will  produce 
relatively  high  organic  NOx  emissions 
when  combusted. 

Neither  wet  nor  dry  control 
technology  for  gas  turbines  is  effective 
in  reducing  organic  NO*  emissions.  As 
discussed  in  Volume  I  of  the  SSEIS,  as 
fuel-bound  nitrogen  increases,  organic 
NOx  emissions  from  a  gas  turbine 
become  the  predominant  fraction  of 
total  NO  \  emissions.  Consequently, 
emission  standards  must  address  in 
some  manner  the  contribution  to  NOx 
emissions  of  fuel-bound  nitrogen. 

Low  nitrogen  fuels,  such  as  premium 
distillate  fuel  oil  and  natural  gas,  are 
now  being  fired  in  nearly  all  stationary 
gas  turbines.  Energy  supply 
considerations,  however,  may  cause 
more  gas  turbines  to  fire  heavy  fuel  oils 
and  synthetic  fuels  in  the  future.  A 
standard  based  on  present  practice  of 
firing  low  nitrogen  fuels,  therefore, 
would  too  rigidly  restrict  the  use  of  high 
nitrogen  fuel,  especially  in  light  of  the 
uncertainty  in  world  energy  markets. 

Since  control  technology  is  not  in 
reducing  organic  NOx  emissions  from 
gas  turbines,  the  possibility  of  basing 
standards  on  removal  of  nitrogen  from 
the  fuel  prior  to  combustion  was 
considered.  The  cost  of  removing 
nitrogen  from  fuel  oil,  however,  ranges 
from  $2.00  to  $3.00  per  barrel.  Another 
alternative  considered  was  exempting 
gas  turbines  using  high  nitrogen  fuels,  as 
some  commenters  requested.  Exempting 
gas  turbines  based  on  the  type  of  fuel 


used,  however,  would  not  require  the 
use  of  best  control  technology  in  all 
cases, 

A  third  alternative  considered  was  the 
use  of  a  fuel-bound  nitrogen  allowance. 
Beyond  some  point  it  is  simply  not 
reasonable  to  allow  combustion  of  high 
nitrogen  fuels  in  gas  turbines.  In 
addition,  high  nitrogen  fuels,  including 
shale  oil  and  coal-derived  fuels,  can  be 
used  in  other  combustion  devices  where 
some  control  of  organic  NOx  emissions 
is  possible.  Greater  reduction  of 
nationwide  NOx  emissions  could  be 
achieved  by  utilizing  these  fuels  in 
facilities  where  organic  NOx  emission 
control  is  possible  than  in  gas  turbines 
where  organic  NOx  emissions  are 
essentially  imcontrolled.  This  approach, 
therefore,  balances  the  trade-off 
between  allowing  unlimited  selection  of 
fuels  for  gas  turbines  controlling  NOx 
emissions. 

A  limited  fuel-bound  nitrogen 
allowance  which  would  allow  increased 
NOx  emissions  above  the  numerical  NOx 
emissions  limits  including  in  the 
promulgated  standards  seems  most 
reasonable.  An  upper  limit  on  this 
allowance  of  50  ppm  NOx  was  selected. 
Such  a  limit  would  allow  approximately 
50  percent  of  existing  heavy  fuel  oils  to 
be  fired  in  stationary  gas  turbines.  (See 
Volume  I  of  the  SSEIS.)  This  approach  is 
considered  a  reasonable  means  of 
allowing  flexibility  in  the  selection  of 
fuels  while  achieving  reductions  in  NOx 
emissions  from  stationary  gas  turbines. 
(See  Control  Technology  for  further 
discussion.) 

A  number  of  commenters  felt  the 
efficiency  correction  factor  included  in 
the  standards  should  use  the  overall 
efficiency  of  a  gas  turbine  installation 
rather  than  the  thermal  efficiency  of  the 
gas  turbine  itself.  For  example."  many 
commenters  recommended  that  the 
overall  efficiency  of  a  combined  cycle 
gas  turbine  installation  be  used  in  this 
correction  factor. 

Section  111  of  the  Clean  air  Act 
requires  that  standards  of  performance 
for  new  sources  reflect  the  use  of  the 
best  system  of  emission  reduction.  With 
the  few  exceptions  noted  above,  water 
injection  is  considered  the  best  system 
of  emission  control  for  reducing  NOx 
emissions  from  stationary  gas  turbines. 
To  be  consistent  with  the  intent  of 
section  111,  the  standards  must  reflect 
the  use  of  water  injection  independent 
of  any  ancillary  waste  heat  recovery 
equipment  which  might  be  associated 
with  a  gas  turbine  to  increase  its  overall 
efficiency.  To  allow  an  upward 
adjustment  in  the  NOx  emission  limit 
based  on  the  overall  efficiency  of  a 
combined  cycle  gas  turbine  could  mean 
that  water  injection  might  not  have  to  be 


applied  to  the  gas  turbine.  Thus,  the 
standards  would  not  reflect  the  use  of 
the  best  system  of  emission  reduction. 
Therefore,  the  efficiency  factor  must  be 
based  on  the  gas  turbine  efficiency 
itself,  not  the  overall  efficiency  of  a  gas 
turbine  combined  with  other  equipment 

Test  Methods  and  Monitoring 

A  large  number  of  commenters 
objected  to  the  amount  of  monitoring 
required.  The  proposed  standards  called 
for  daily  monitoring  of  sulfur  content 
nitrogen  content  and  lower  heating 
value  of  the  fuel.  The  commenters  were 
generally  in  favor  of  less  frequent 
periodic  monitoring. 

These  comments  seem  reasonable. 
Therefore,  the  standards  have  been 
changed  to  permit  determination  of 
sulfur  content  nitrogen  content,  and 
lower  heating  value  only  when  a  frfesh 
supply  of  fuel  is  added  to  the  fuel 
storage  facilities  for  a  gas  turbine. 

Where  gas  turbines  are  fueled  without 
intermediate  storage,  such  as  along  oil 
and  gas  transport  pipelines,  daily 
monitoring  is  still  required  by  the 
standards  unless  the  owner  or  operator 
can  show  that  the  composition  of  the 
fuel  does  not  fluctuate  significantly.  In 
these  cases,  the  owner  or  operator  may 
develop  an  individual  monitoring 
schedule  for  determining  fuel  sulfur 
content,  nitrogen  content,  and  lower 
heating  value.  These  schedules  must  be 
substantiated  by  data  and  submitted  to 
the  Administrator  for  approval  on  a 
case-by-case  basis. 

Several  commenters  stated  that  the 
standards  should  be  clarified  to  allow 
the  performance  test  to  be  performed  by 
the  gas  turbine  manufacturer  in  lieu  of 
the  owner/ opera  tor.  To  simplify 
verification  of  compliance  with  the 
standards  and  to  reduce  costs  to 
everyone  involved,  the  recommendation 
was  made  that  each  gas  turbine  be 
performance  tested  at  the 
manufacturer’s  site.  The  commenters 
maintained  that  gas  turbines  should  not 
be  required  to  undergo  a  performance 
test  at  the  ov«?ner/operator’s  site  if  they 
have  been  shown  to  comply  with  the 
standard  by  the  gas  turbine 
manufacturer. 

Section  111  of  the  Clean  Air  Act  is  not 
flexible  enough  to  permit  the  use  of  a 
formal  certification  program  such  as  that 
described  by  the  commenter. 
Responsibility  for  complying  with  the 
standards  ultimately  rests  with  the 
owner/operator,  not  with  the  gas  turbine 
manufacturers.  The  general  provisions 
of  40  CFR  Part  60,  however,  which  apply 
to  all  standards  of  performance,  allow 
the  use  of  approaches  other  than 
performance  tests  to  determine 
compliance  on  a  case-by-case  basis.  The 
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alternate  approach  must  demonstrate  to 
the  Administrator’s  satisfaction  that  the 
facility  is  in  compliance  with  the 
standard.  Consequently,  gas  turbine 
manufacturers’  tests  may  be  considered, 
on  a  case*by-case  basis,  in  lieu  of 
performance  tests  at  the  owner/ 
operator’s  site  to  demonstrate 
compliance  with  the  standards.  For  a 
gas  turbine  manufacturers’s  test  to  be 
acceptable  in  lieu  of  a  performance  test, 
as  a  minimum  the  operating  conditions 
of  the  gas  turbine  at  the  installation  site 
would  have  to  be  shown  to  be  similar  to 
those  during  the  manufacturer’s  test.  In 
addition,  this  would  not  preclude  the 
Administrator  from  requiring  a 
performance  test  at  any  time  to 
demonstrate  compliance  with  the 
standards. 

Miscellaneous 

It  should  be  noted  that  standards  of 
performance  for  new  stationary  sources 
established  under  section  111  of  the 
Clean  Air  Act  reflect: 

.  .  application  of  the  best  technological 
system  of  continuous  emission  reduction 
which  (taking  into  consideration  the  cost  of 
achieving  such  emission  reduction,  any 
nonair  quality  health  and  environment 
impact  and  energy  requirements)  the 
Administrator  determines  has  been 
adequately  demonstrated,  [section  111(a)(1)] 

Although  there  may  be  emission 
control  technology  available  that  can 
reduce  emissions  below  those  levels 
required  to  comply  with  standards  of 
performance,  this  technology  might  not 
be  selected  as  the  basis  of  standards  of 
performance  due  to  costs  associated 
with  its  use.  Accordingly,  standards  of 
performance  should  not  be  viewed  as 
the  ultimate  in  achievable  emission 
control.  In  fact,  the  Act  requires  (or  has 
potential  for  requiring)  the  imposition  of 
a  more  stringent  emission  standard  in 
several  situations. 

For  example,  applicable  costs  do  not 
play  as  prominent  a  role  in  determining 
the  “lowest  achievable  emission  rate” 
for  new  or  modified  sources  located  in 
nonattainment  areas,  i.e.,  those  areas 
where  statutorily  mandated  health  and 
welfare  standards  are  being  violated.  In 
this  respect,  section  173  of  the  act 
requires  that  a  new  or  modiHed  source 
constructed  in  an  area  which  exceeds 
the  National  Ambient  Air  Quality 
Standard  (NAAQS)  must  reduce 
emissions  to  the  level  which  reflects  the 
“lowest  achievable  emission  rate” 
(LAER),  as  defined  in  section  171(3),  for 
such  category  of  source.  'The  statute 
defines  LAER  as  that  rate  of  emission 
which  reflects: 

(A)  The  most  stringent  emission 
limitation  which  is  contained  in  the 
implementation  plan  of  any  State  for 


such  class  or  category  of  source,  unless 
the  owner  or  operator  of  the  proposed 
source  demonstrates  that  such 
limitations  are  not  achievable,  or 

(B)  'The  most  stringent  emission 
limitation  which  is  achieved  in  practice 
by  such  class  or  category  of  source, 
whichever  is  more  stringent. 

In  no  event  can  the  emission  rate 
exceed  any  applicable  new  source 
performance  standard  (section  171(3)). 

A  similar  situation  may  arise  under 
the  prevention  of  signiflcant 
deterioration  of  air  quality  provisions  of 
the  Act  (part  C).  These  provisions 
require  ^at  certain  sources  (referred  to 
in  section  169(1))  employ  “best  available 
control  technology”  (as  deflned  in 
section  169(3))  for  all  pollutants 
regulated -imder  the  Act.  Best  available 
control  technology  (BACT)  must  be 
determined  on  a  case-by-case  basis, 
taking  energy,  environmental  and 
economic  impacts,  and  other  costs  into 
account.  In  no  event  may  the  application 
of  BACT  result  in  emissions  of  any 
pollutants  which  will  exceed  the 
emissions  allowed  by  any  applicable 
standard  established  pursuant  to  section 
111  (or  112)  of  the  Act. 

In  all  events.  State  implementation 
plans  (SIPs)  approved  or  promulgated 
under  section  110  of  the  Act  must 
provide  for  the  attainment  and 
maintenance  of  National  Ambient  Air 
Quality  Standards  designed  to  protect 
public  health  and  welfare.  For  this 
purpose.  SIPs  must  in  some  cases 
require  greater  emission  reductions  than 
those  required  by  standards  of 
performance  for  new  sources. 

Finally,  States  are  free  under  section 
116  of  the  Act  to  establish  even  more 
stringent  emission  limits  than  those 
established  imder  section  111  or  those 
necessary  to  attain  or  maintain  the 
NAAQS  under  section  110.  Accordingly, 
new  sources  may  in  some  cases  be 
subject  to  limitations  more  stringent 
than  EPA’s  standards  of  performance 
under  section  111,  and  prospective 
owners  and  operators  of  new  sources 
should  be  aware  of  this  possibility  in 
planning  for  such  facilities. 

This  regulation  will  be  reviewed  4 
years  from  the  date  of  promulgation. 
This  review  will  include  an  assessment 
of  such  factors  as  the  need  for 
integration  with  other  programs,  the 
existence  of  alternative  methods, 
enforceability,  and  improvements  in 
emissions  control  teclmology. 

No  economic  impact  assessment 
under  Section  317  was  prepared  on  this 
standard.  Section  317(a)  requires  such 
an  assessment  only  if  “the  notice  of 
proposed  rulemaking  in  connection  with 
such  standard ...  is  published  in  the 
Federal  Register  after  the  date  ninety 


days  after  August  7, 1977.”  This 
standard  was  proposed  in  the  Federal 
Register  on  October  3. 1977,  less  than 
ninety  days  after  August  7, 1977,  and  an 
assessment  was  therefore  not  required. 

Dated:  August  28, 1979. 

Douglas  M.  Costle, 

Administrator. 

PART  60— STANDARDS  OF 
PERFORMANCE  FOR  NEW 
STATIONARY  SOURCES 

It  is  proposed  to  amend  Part  60  of 
Chapter  I,  Title  40  of  the  Code  of  Federal 
Regulations  as  follows: 

1.  By  adding  subpart  GG  as  follows: 

Subpart  GG— Standards  of  Performance  for 
Stationary  Gas  Turbines 

Sec. 

60.330  Applicability  and  designation  of 
affected  facility. 

60.331  Dennitions. 

60.332  Standard  for  nitrogen  oxides. 

60.333  Standard  for  sulfur  dioxide. 

60.334  Monitoring  of  operations. 

60.335  Test  methods  and  procedures. 
Authority:  Secs.  Ill  and  301(a)  of  the  Clean 

Air  Act,  as  amended,  [42  U.S.C.  1857c-7, 
1857g(a)],  and  additional  authority  as  noted 
below. 

Subpart  GG— Standards  of 
Performance  for  Stationary  Gas 
Turbines 

§  60.330  Applicability  and  designation  of 
affected  facility. 

The  provisions  of  this  subpart  are 
applicable  to  the  following  affected 
facilities:  all  stationary  gas  turbines 
with  a  heat  input  at  peak  load  equal  to 
or  greater  than  10.7  gigajoules  per  hour, 
based  on  the  lower  heating  value  of  the 
fuel  flred. 

§  60.331  Definitions. 

As  used  in  this  subpart,  all  terms  not 
defined  herein  shall  have  the  meaning 
given  them  in  the  Act  and  in  subpart  A 
of  this  part. 

(a)  “Stationary  gas  tiirbine”  means 
any  simple  cycle  gas  turbine, 
regenerative  cycle  gas  turbine  or  any 
gas  turbine  portion  of  a  combined  cycle 
steam/electric  generating  system  that  is 
not  self  propelled.  It  may,  however,  be 
mounted  on  a  vehicle  for  portability. 

(b)  “Simple  cycle  gas  turbine”  means 
any  stationary  gas  turbine  which  does 
not  recover  heat  from  the  gas  turbine 
exhaust  gases  to  preheat  Ae  inlet 
combustion  air  to  the  gas  turbine,  or 
which  does  not  recover  heat  from  the 
gas  turbine  exhaust  gases  to  heat  water 
or  generate  steam. 

(c)  “Regenerative  cycle  gas  turbine” 
means  any  stationary  gas  turbine  which 
recovers  heat  from  the  gas  turbine 
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exhaust  gases  to  preheat  the  inlet 
combustion  air  to  the  gas  turbine. 

(d)  ‘‘Combined  cycle  gas  turbine” 
means  any  stationary  gas  turbine  which 
recovers  heat  from  the  gas  turbine 
exhaust  gases  to  heat  water  or  generate 
steam. 

(e)  ‘‘Emergency  gas  turbine”  means 
any  stationary  gas  turbine  which 
operates  as  a  mechanical  or  electrical 
power  source  only  when  the  primary 
power  source  for  a  facility  has  been 
rendered  inoperable  by  an  emergency 
situation. 

(f)  “Ice  fog”  means  an  atmospheric 
suspension  of  highly  reflective  ice 
crystals. 

(g)  “ISO  standard  day  conditions” 
means  288  degrees  Kelvin,  60  percent 
relative  humidity  and  101.3  kilopascals 
pressure. 

(h)  “Efficiency”  means  the  gas  turbine 
manufacturer’s  rated  heat  rate  at  peak 
load  in  terms  of  heat  input  per  unit  of 
power  output  based  on  the  lower 
heating  value  of  the  fuel. 

(i)  “Peak  load”  means  100  percent  of 
the  manufacturer’s  design  capacity  of 
the  gas  turbine  at  ISO  standard  day 
conditions. 

(j)  “Base  load”  means  the  load  level  at 
which  a  gas  turbine  is  normally 
operated. 

(k)  “Fire-fighting  turbine”  means  any 
stationary  gas  turbine  that  is  used  solely 
to  pump  water  for  extinguishing  fires. 

(l)  “Turbines  employed  in  oil/gas 
production  or  oil/gas  transportation” 
means  any  stationary  gas  turbine  used 
to  provide  power  to  extract  crude  oil/ 
natural  gas  from  the  earth  or  to  move 
crude  oil/natural  gas,  or  products 
refined  from  these  substances  through 
pipelines. 

(m)  A  “Metropolitan  Statistical  Area” 
or  “MSA”  as  defined  by  the  Department 
of  Commerce. 

(n)  “Offshore  platform  gas  turbines” 
means  any  stationary  gas  turbine 
located  on  a  platform  in  an  ocean. 

(o)  “Garrison  facility”  means  any 
permanent  military  installation. 

(p)  “Gas  turbine  model”  means  a 
group  of  gas  turbines  having  the  same 
nominal  air  flow,  combuster  inlet 
pressure,  combuster  inlet  temperature, 
firing  temperature,  turbine  inlet 
temperature  and  turbine  inlet  pressure. 

§  60.332  Standard  for  nitrogen  oxides. 

(a)  On  and  after  the  date  on  which  the 
performance  test  required  by  §  60.8  is 
completed,  every  owner  or  operator 
subject  to  the  provisions  of  this  subpart, 
as  specified  in  paragraphs  (b),  (c),  and 
(d)  of  this  section,  shall  comply  with  one 
of  the  following,  except  as  provided  in 
paragraphs  (e),  (f),'(g),  (h),  and  (i)  of  this 
section. 


(1)  No  owner  or  operator  subject  to 
the  provisions  of  this  subpart  shall 
cause  to  be  discharged  into  the 
atmosphere  from  any  stationary  gas 
turbine,  any  gases  which  contain 
nitrogen  oxides  in  excess  of: 

(14.4) 

STD  =  0.0075  ■  ■■  Y'  +  F 
32 

where: 

STD = allowable  NO^  emissions  [percent  by 
volume  at  15  percent  oxygen  and  on  a 
dry  basis). 

Y= manufacturer’s  rated  heat  rate  at 

manufacturer’s  rated  load  (kilojoules  per 
watt  hour)  or,  actual  measured  heat  rate 
based  on  lower  heating  value  of  fuel  as 
measured  at  actual  peak  load  for  the 
facility.  The  value  of  Y  shall  not  exceed 
14.4  kilojoules  per  watt  hour. 

F=:NOx  emission  allowance  for  fuel-bound 
nitrogen  as  defined  in  part  (3)  of  this 
paragraph. 

(2)  No  owner  or  operator  subject  to  the 
provisions  of  this  subpart  shall  cause  to  be 
discharged  into  the  atmosphere  from  any 
stationary  gas  turbine,  any  gases  which 
contain  nitrogen  oxides  in  excess  of: 

STD  =  0.0150  (1^)  +  F 

where: 

STD = allowable  NO*  emissions  (percent  by 
volume  at  15  percent  oxygen  and  on  a 
dry  basis). 

Y = manufacturer’s  rated  heat  rate  at 
manufactiu-er’s  rated  peak  load 
(kilojoules  per  watt  hour),  or  actual 
measured  heat  rate  based  on  lower 
heating  value  of  fuel  as  measured  at 
actual  peak  load  for  the  facibty.  The 
value  of  Y  shall  not  exceed  14.4 
kilojoules  per  watt  hour. 

F=NOx  emission  allowance  for  fuel-bound 
nitrogen  as  defined  in  part  (3)  of  this 
paragraph. 

(3)  F  shall  be  defined  according  to  the 
nitrogen  content  of  the  fuel  as  follows: 

Fuel -Bound  Nitrogen  F 

(percent  by  weight) 

N  c  0.015  0 

0.015  <  N  <  0.1  0.04{N) 

0. 1  <  N  -  0.25  0.004  +  0.0067{N-0.1) 

N  >  0.25  0.005 

where: 

N=the  nitrogen  content  of  the  fuel  (percent 
by  weight), 
on 

Manufacturers  may  develop  custom 
fuel-bound  nitrogen  allowances  for  each 


gas  turbine  model  they  manufacture. 
These  fuel-bound  nitrogen  allowances 
shall  be  substantiated  with  data  and 
must  be  approved  for  use  by  the 
Administrator  before  the  initial 
performance  test  required  by  §  60.8. 
Notices  of  approval  of  custom  fuel- 
bound  nitrogen  allowances  will  be 
published  in  the  Federal  Register. 

(b)  Stationary  gas  turbines  with  a  heat 
input  at  peak  load  greater  than  107.2 
gigajoules  per  hour  (100  million  Btu/ 
hour)  based  on  the  lower  heating  value 
of  the  fuel  fired  except  as  provided  in 

§  60.332(d)  shall  comply  with  the 
provisions  of  §  60.332(a)(1). 

(c)  Stationary  gas  turbines  with  a  heat 
input  at  peak  load  equal  to  or  greater 
than  10.7  gigajoules  per  hour  (10  million 
Btu/hour)  but  less  than  or  equal  to  107.2 
gigajoules  per  hour  (100  million  Btu/ 
hour)  based  on  the  lower  heating  value 
of  the  fuel  fired,  shall  comply  with  the 
provisions  of  §  60.332(a)(2). 

(d)  Stationary  gas  turbines  employed 
in  oil/gas  production  or  oil/gas 
transportation  and  not  located  in 
Metropolitan  Statistical  Areas;  and 
offshore  platform  turbines  shall  comply 
with  the  provisions  of  §  60.332(a)(2). 

(e)  Stationary  gas  turbines  with  a  heat 
input  at  peak  load  equal  to  or  greater 
than  10.7  gigajoules  per  hour  (10  million 
Btu/hour)  but  less  than  or  equal  to  107.2 
gigajoules  per  hour  (100  million  Btu/ 
hour)  based  on  the  lower  heating  value 
of  the  fuel  fired  and  that  have 
commenced  construction  prior  to 
October  3, 1982  are  exempt  from 

’paragraph  (a)  of  this  section. 

(f)  Stationary  gas  turbines  using  water 
or  steam  injection  for  control  of  NO* 
emissions  are  exempt  from  paragraph 
(a)  when  ice  fog  is  deemed  a  traffic 
hazard  by  the  owner  or  operator  of  the 
gas  turbine. 

(g)  Emergency  gas  turbines,  military 
gas  turbines  for  use  in  other  than  a 
garrison  facility,  military  gas  turbines 
installed  for  use  as  military  training 
facilities,  and  fire  fighting  gas  turbines 
are  exempt  from  paragraph  (a)  of  this 
section. 

(h)  Stationary  gas  turbines  engaged  by 
manufacturers  in  research  and 
development  of  equipment  for  both  gas 
turbine  emission  control  techniques  and 
gas  turbine  efficiency  improvements  are 
exempt  from  paragraph  (a)  on  a  case-by¬ 
case  basis  as  determined  by  the 
Administrator. 

(i)  Exemptions  from  the  requirements 
of  paragraph  (a)  of  this  section  will  be 
granted  on  a  case-by-case  basis  as 
determined  by  the  Administrator  in 
specific  geographical  areas  where 
mandatory  water  restrictions  are 
required  by  governmental  agencies 
because  of  drought  conditions.  These 
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to-fuel  ratio,  as  measured  by  the  air  pollution  control  system  was 

continuous  monitoring  system,  falls  deactivated,  and  the  date  and  time  the 

below  the  water-to-fuel  ratio  determined  air  pollution  control  system  was 
to  demonstrate  compliance  with  §  60.332  reactivated  shall  be  reported.  All 
by  the  performance  test  required  in  quarterly  reports  shall  be  postmarked  by 

§  60.8  or  any  period  during  which  the  the  30th  day  following  the  end  of  each 

fuel-bound  nitrogen  of  the  fuel  is  greater  calendar  quarter. 

than  the  maximum  mtrogen  content  jggp  Ijjg  Qgau  gg  amended  (42 

allowed  by  the  fuel-bound  nitrogen  U.S.C.  I857c-9l). 

allowance  used  during  the  performance 

test  required  in  $  60.8.  Each  report  shall  §  60.335  Test  methods  and  procedures, 
include  the  average  water-to-fuel  ratio,  (a)  The  reference  methods  in 
average  fuel  consumption,  ambient  Appendix  A  to  this  part,  except  as 

conditions,  gas  turbine  load,  and  provided  in  §  60.8(b),  shall  be  used  to 

nitrogen  content  of  the  fuel  during  the  determine  compliance  with  the 

period  of  excess  emissions,  and  the  standards  prescribed  in  §  60.332  as 

graphs  or  figures  developed  under  follows: 

§  60.335(a).  (1)  Reference  Method  20  for  the 

(2)  Sulfur  dioxide.  Any  daily  period  concentration  of  nitrogen  oxides  and 

during  which  the  sulfur  content  of  the  oxygen.  For  affected  facilities  under  this 
fuel  being  fired  in  the  gas  turbine  subpart,  the  span  value  shall  be  300 

exceeds  0.8  percent.  parts  per  million  of  nitrogen  oxides. 

(3)  Ice  fog.  Each  period  during  which  (i)  The  nitrogen  oxides  emission  level 

an  exemption  provided  in  §  60.332(g)  is  measured  by  Reference  Method  20  shall 

in  effect  shall  be  reported  in  writing  to  be  adjusted  to  ISO  standard  day 

the  Administrator  quarterly.  For  each  conditions  by  the  following  ambient 
period  the  ambient  conditions  existing  condition  correction  factor: 
during  the  period,  the  date  and  time  the 

NO,  =  (NO,  )  -  0.00633) 

obs  obs 


exemptions  will  be  allowed  only  while 
the  mandatory  water  restrictions  are  in 
effect. 

§  60.333  Standard  for  sulfur  dioxide. 

On  and  after  the  date  on  which  the 
performance  test  required  to  be 
conducted  by  §  60.8  is  completed,  every 
owner  or  operator  subject  td  the 
provision  of  this  subpart  shall  comply 
with  one  or  the  other  of  the  following 
conditions: 

(a)  No  owner  or  operator  subject  to 
the  provisions  of  this  subpart  shall 
cause  to  be  discharged  into  the 
atmosphere  from  any  stationary  gas 
turbine  any  gases  which  contain  sulfur 
dioxide  in  excess  of  0.015  percent  by 
volume  at  15  percent  oxygen  and  on  a 
dry  basis. 

(b)  No  owner  or  operator  subject  to 
the  provisions  of  this  subpart  shall  bum 
in  any  stationary  gas  turbine  any  fuel 
which  contains  sulfur  in  excess  of  0.8 
percent  by  weight. 

§  60.334  Monitoring  of  operations. 

(a)  The  owner  or  operator  of  any 
stationary  gas  turbine  subject  to  the 
provisions  of  this  subpart  and  using 
water  injection  to  control  NOx  emissions 
shall  install  and  operate  a  continuous  . 
monitoring  system  to  monitor  and  record 
the  fuel  consumption  and  the  ratio  of 
water  to  fuel  being  fired  in  the  turbine. 
This  system  shall  be  accurate  to  within 
±5.0  percent  and  shall  be  approved  by 
the  Administrator. 

(b)  The  owner  or  operator  of  any 
stationary  gas  turbine  subject  to  the 
provisions  of  this  subpart  shall  monitor 
sulfur  content  and  nitrogen  content  of 
the  fuel  being  fired  in  the  turbine.  The 
frequency  of  determination  of  these 
values  shall  be  as  follows: 

(1)  If  the  turbine  is  supplied  its  fuel 
from  a  bulk  storage  tank,  the  values 
shall  be  determined  on  each  occasion 
that  fuel  is  transferred  to  the  storage 
tank  from  any  other  source. 

(2)  If  the  turbine  is  supplied  its  fuel 
without  intermediate  bulk  storage  the 
values  shall  be  determined  and  recorded 
daily.  Owners,  operators  or  fuel  vendors 
may  develop  custom  schedules  for 
determination  of  the  values  based  on  the 
design  and  operation  of  the  affected 
facility  and  the  characteristics  of  the 
fuel  supply.  These  custom  schedules 
shall  be  substantiated  with  data  and 
must  be  approved  by  the  Administrator 
before  they  can  be  used  to  comply  with 
paragraph  (b)  of  this  section. 

(c)  For  the  purpose  of  reports  required 
under  §  60.7(c),  periods  of  excess 
emissions  that  shall  be  reported  are 
defined  as  follows: 

(1)  Nitrogen  oxides.  Any  one-hour 
period  during  which  the  average  water- 


where; 

NOx = emissions  of  NO,  at  15  percent  oxygen 
and  ISO  standard  ambient  conditions. 
NOxoim= measured  NOx  emissions  at  15 
percent  oxygen,  ppmv. 

Pref  =  reference  combuster  inlet  absolute 
pressure  at  101.3  kilopascals  ambient 
pressure. 

Pob»  = measured  combustor  inlet  absolute 
pressure  at  test  ambient  pressure. 

Hobs= specific  humidity  of  ambient  air  at  test. 
e= transcendental  constant  (2.718). 

Tamb= temperature  of  ambient  air  at  test. 

The  adjusted  NOx  emission  level  shall 
be  used  to  determine  compliance  with 
§  60.332. 

(ii)  Manufacturers  may  develop 
custom  ambient  condition  correction 
factors  for  each  gas  turbine  model  they 
manufacture  in  terms  of  combustor  inlet 
pressure,  ambient  air  pressure,  ambient 
air  humidity  and  ambient  air 
temperature  to  adjust  the  nitrogen 
oxides  emission  level  measured  by  the 
performance  test  as  provided  for  in 

§  60.8  to  ISO  standard  day  conditions. 
These  ambient  condition  correction 
factors  shall  be  substantiated  with  data 
and  must  be  approved  for  use  by  the 
Administrator  before  the  initial 
performance  test  required  by  |  60.8. 
Notices  of  approval  of  custom  ambient 
condition  correction  factors  will  be 
published  in  the  Federal  Register. 

(iii)  The  water-to-fuel  ratio  necessary 
to  comply  with  §  60.332  will  be 
determined  during  the  initial 
performance  test  by  measuring  NOx 
emission  using  Reference  Method  20  and 


the  water-to-fuel  ratio  necessary  to 
comply  with  §  60.332  at  30,  50,  75,  and 
100  percent  of  peak  load  or  at  four 
points  in  the  normal  operating  range  of 
the  gas  turbine,  including  the  minimum 
point  in  the  range  and  peak  load.  All 
loads  shall  be  corrected  to  ISO 
conditions  using  the  appropriate 
equations  supplied  by  the  manufacturer. 

(2)  The  analytical  methods  and 
procedures  employed  to  determine  the 
nitrogen  content  of  the  fuel  being  fired 
shall  be  approved  by  the  Administrator 
and  shall  be  accurate  to  within  ±5 
percent. 

(b)  The  method  for  determining 
compliance  with  §  60.333,  except  as 
provided  in  §  60.8(b),  shall  be  as 
follows: 

(1)  Reference  Method  20  for  the 
concentration  of  sulfur  dioxide  and 
oxygen  or 

(2)  ASTM  D2880-71  for  the  sulfur 
content  of  liquid  fuels  and  ASTM 
D1072-70  for  the  sulfur  content  of 
gaseous  fuels.  These  methods  shall  also 
be  used  to  comply  with  §  60.334(b). 

(c)  Analysis  for  the  purpose  of 
determining  the  sulfur  content  and  the 
nitrogen  content  of  the  fuel  as  required 
by  §  60.334(b),  this  subpart,  may  be 
performed  by  the  owner/operator,  a 
service  contractor  retained  by  the 
owner/operator,  the  fuel  vendor,  or  any 
other  qualified  agency  provided  that  the 
analytical  methods  employed  by  these 
agencies  comply  with  the  applicable 
paragraphs  of  this  section. 
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(Sec.  114  of  the  Clean  Air  Act  as  amended  |42 
U.S.C.  1857C-91]). 

AppenAx  A — Reference  Methods 

2.  Part  00  is  amended  by  adding 
Reference  Method  20  to  Appendix  A  as 
follows: 

***** 

Method  20— Determination  of  Nitrogen 
Oxides,  Sulfur  Dioxide,  and  Oxygen 
Emissions  from  Stationary  Gas  Turbines 

1.  Applicability  and  Principle 

1.1  Applicability.  This  method  is 
applicable  for  the  determination  of  nitrogen 
oxides  (NO,),  sulfur  dioxide  (SO,),  and 
oxygen  (Oj)  emissions  from  stationary  gas 
turbines.  For  the  NO,  and  Oa  determinations, 
this  method  includes:  (1)  measurement 
system  design  criteria,  (2)  analyzer 
performance  speciHcations  and  performance 
test  procedures;  and  (3)  procedures  for 
emission  testing. 

1.2  Principle.  A  gas  sample  is 
continuously  extracted  h-om  the  exhaust 
stream  of  a  stationary  gas  turbine;  a  portion 
of  the  sample  stream  is  conveyed  to 
instrumental  analyzers  for  determination  of 
NO,  and  O2  content.  During  each  NO,  and 
002  determination,  a  separate  measurement 
of  SO2  emissions  is  made,  using  Method  6,  or 
it  equivalent.  The  O2  determination  is  used  to 
adjust  the  NO,  and  SO2  concentrations  to  a 
reference  condition. 

2.  Definitions 

2.1  Measurement  System.  The  total 
equipment  required  for  the  determination  of  a 
gas  concentration  or  a  gas  emission  rate.  The 
system  consists  of  the  following  major 
subsystems: 

2.1.1  Sample  Interface.  That  portion  of  a 
system  that  is  used  for  one  or  more  of  the 
following:  sample  acquisition,  sample 
transportation,  sample  conditioning,  or 
protection  of  the  analyzers  from  the  effects  of 
the  stack  effluent. 

2.1.2  NO,  Analyzer.  That  portion  of  the 
system  that  senses  NO,  and  generates  an 
output  proportional  to  the  gas  concentration. 

2.1.3  O2  Analyzer.  That  portion  of  the 
system  that  senses  O2  and  generates  an 
output  proportional  to  the  gas  concentration. 

2.2  Span  Value.  The  upper  limit  of  a  gas 
concentration  measurement  range  that  is 
specified  for  affected  source  categories  in  the 
applicable  part  of  the  regulations. 

k1 


STACK 

WALL 


2.3  Calibration  Gas.  A  known 
concentration  of  a  gas  in  an  appropriate 
diluent  gas. 

2.4  Calibration  Error.  The  differaaee 
between  the  gas  concentration  indicated  by 
the  measurement  system  and  the  known 
concentration  of  the  calibration  gas. 

2.5  Zero  Drift  The  difference  in  the 
measurement  system  output  readings  before 
and  after  a  stated  period  of  operation  during 
which  no  unscheduled  maintenance,  repair, 
or  adjustment  took  place  and  the  input 
concentration  at  the  time  of  the 
measurements  was  zero. 

2.6  Calibration  Drift.  The  difference  in  the 
measurement  system  output  readings  before 
and  after  a  stated  period  of  operation  during 
which  no  unscheduled  maintenance,  repair, 
or  adjustment  took  place  and  the  input  at  the 
time  of  the  measurements  was  a  high-level 
value. 

2.7  Residence  Time.  The  elapsed  time 
from  the  moment  the  gas  sample  enters  the 
probe  tip  to  the  moment  the  same  gas  sample 
reaches  the  analyzer  inlet. 

2.8  Response  Time.  The  amount  of  time 
required  for  the  continuous  monitoring 
system  to  display  on  the  data  output  95 
percent  of  a  step  change  in  pollutant 
concentration. 

2.9  Interference  Response.  The  output 
response  of  the  measurement  system  to  a 
component  in  the  sample  gas,  other  than  the 
gas  component  being  measured. 

3.  Measurement  System  Performance 
Specifications 

3.1  NO2  to  NO  Converter.  Greater  than  90 
percent  conversion  efficiency  of  N02  to  NO. 

3.2  Interference  Response.  Less  than  ±  2 
percent  of  the  span  value. 

3.3  Residence  Time.  No  greater  than  30 
seconds. 

3.4  Response  Time.  No  greater  than  3 
minutes. 

3.5  Zero  Drift.  Less  than  ±  2  percent  of 
the  span  value. 

3.6  Calibration  Drift.  Less  than  ±  2 
percent  of  the  span  value. 

4.  Apparatus  and  Reagents 

4.1  Measurement  System.  Use  any 
measurement  system  for  NO,  and  02  that  is 
expected  to  meet  the  specifications  in  this 
method.  A  schematic  of  an  acceptable 
measurement  system  is  shown  in  Figure  20-1. 
The  essential  components  of  the 
measiu'ement  system  are  described  below: 


4.1.1  Sample  Probe.  Heated  stainless 
steel,  or  equivalent,  open-ended,  straight  tube 
of  sufficient  length  to  traverse  the  sample 
points. 

4.1.2  Sample  Line.  Heated  (>95’' C] 
stainless  steel  or  Teflon*>bing  to  transport 
the  sample  gas  to  the  sample  conditioners 
and  analyzers. 

4.1.3  Calibration  Valve  Assembly.  A 
three-way  valve  assembly  to  direct  the  zero 
and  calibration  gases  to  the  sample 
conditioners  and  to  the  analyzers.  The 
calibration  valve  assembly  shall  be  capable 
of  blocking  the  sample  gas  flow  and  of 
introducing  calibration  gases  to  the 
measurement  system  when  in  the  calibration 
mode. 

4.1.4  NO2  to  NO  Converter.  That  portion 
of  the  system  that  converts  the  nitrogen 
dioxide  (NO2)  in  the  sample  gas  to  nitrogen 
oxide  (NO).  Some  analyzers  are  designed  to 
measure  NO,  as  NO2  on  a  wet  basis  and  can 
be  used  without  an  NO2  to  NO  converter  or  a 
moisture  removal  trap  provided  the  sample 
line  to  the  analyzer  is  heated  (>95°C)  to  the 
inlet  of  the  analyzer.  In  addition,  an  N02  to 
NO  converter  is  not  necessary  if  the  NO2 
portion  of  the  exhaust  gas  is  less  than  5 
percent  of  the  total  NO,  concentration.  As  a 
guideline,  an  NO2  to  NO  converter  is  not 
necessary  if  the  gas  turbine  is  operated  at  99 
percent  or  more  of  peak  load  capacity.  A 
converter  is  necessary  under  lower  load 
conditions. 

4.1.5  Moisture  Removal  Trap.  A 
refrigerator-type  condenser  designed  to 
continuously  remove  condensate  from  the 
sample  gas.  The  moisture  removal  trap  is  not 
necessary  for  analyzers  that  can  measure 
NO,  concentrations  on  a  wet  basis;  for  the.se 
analyzers,  (a)  heat  the  sample  line  up  to  the 
inlet  of  the  analyzers,  (b)  determine  the 
moisture  content  using  methods  subject  to  Ihi 
approval  of  the  Administrator,  and  (c)  correct 
the  NO,  and  O2  concentrations  to  a  dry  basis 

4.1.6  Particulate  Filter.  An  in-stack  or  an 
out-of-stack  glass  fiber  filter,  of  the  type 
specified  in  EPA  Reference  Method  5: 
however,  an  out-of-stack  filter  is 
recommended  when  the  stack  gas 
temperature  exceeds  250  to  300°C. 

4.1.7  Sample  Pump.  A  nonreactive  leak- 
free  sample  pump  to  pull  the  sample  gas 
through  the  system  at  a  flow  rate  sufficient  tc 
minimize  transport  delay.  The  pump  shall  be 
made  fi'om  stainless  steel  or  coated  with 
Teflon  or  equivalent. 

4.1.8  Sample  Gas  Manifold.  A  sample  gas 
manifold  to  divert  portions  of  the  sample  gas 
stream  to  the  analyzers.  The  manifold  may  be 
constructed  of  glass.  Teflon,  type  316 
stainless  steel,  or  equivalent. 

4.1.9  Oxygen  and  Analyzer.  An  analyzer 
to  determine  the  percent  O2  concentration  of 
the  sample  gas  stream. 

4.1.10  Nitrogen  Oxides  Analyzer.  An 
analyzer  to  determine  the  ppm  NO, 
concentration  in  the  sample  gas  stream. 

4.1.11  Data  Output.  A  strip-chart  recorder, 
analog  computer,  or  digital  recorder  for 
recor^ng  measurement  data. 

4.2  Sulfur  Dioxide  Analysis.  EPA 
Reference  Method  6  apparatus  and  reagents. 

4.3  NO,  Caliberation  Gases.  The 
calibration  gases  for  the  NO,  analyzer  may 
be  NO  in  N2,  NO2  in  air  or  N2,  or  NO  and  NO* 


Figure  20  1.  Measurement  system  design  for  stationary  gas  turbines. 
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in  Nj.  For  NO,  measurement  analyzers  that 
require  oxidation  of  NO  to  NO*,  the 
ealiiiration  gases  must  be  in  the  form  of  NO 
in  N*.  Use  four  calibration  gas  mixtures  as 
specified  below; 

4.3.1  High-level  Gas.  A  gas  concentration 
that  is  equivalent  to  80  to  90  percent  of  the 
span  value. 

4.3.2  Mid-level  Gas.  A  gas  concentration 
that  is  equivalent  to  45  to  55  percent  of  the 
span  value. 

4.3.3  Ixjw-leve!  Gas.  A  gas  concentration 
that  is  equivalent  to  20  to  30  percent  of  the 
span  value. 

4.3.4  Zero  Gas.  A  gas  concentration  of  - 
less  than  0.25  percent  of  the  span  value. 
Ambient  air  may  be  used  for  the  NO,  zero 
gas. 

4.4  O*  Calibration  Gases.  Use  ambient  air 
at  20.9  percent  as  the  high-level  O*  gas.  Use  a 
gas  concentration  that  is  equivalent  to  11-14 
percent  O*  for  the  mid-level  gas.  Use  purified 
nitrogen  for  the  zero  gas. 

4.5  NOs/NO  Gas  Mixture.  For 
determining  the  conversion  efficiency  of  the 
NO:  to  NO  converter,  use  a  calibration  gas 
mixture  of  NO*  and  NO  in  N*.  The  mixture 
ivill  be  known  concentrations  of  40  to  60  ppm 
NO*  and  90  to  110  ppm  NO  and  certified  by 
the  gas  manufacturer.  This  certification  of  gas 
concentration  must  include  a  brief 
description  of  the  procedure  followed  in 
determining  the  concentrations. 

.'5.  Measurement  System  Performance  Test 
Procedures 

Perform  the  following  procedures  prior  to 
measurement  of  emissions  (Section  6]  and 
only  once  for  each  test  program,  i.e.,  the 
series  of  all  test  runs  for  a  given  gas  turbine 
engine. 

5.1  Calibration  Gas  Checks.  There  are 
two  alternatives  for  checking  the 
concentrations  of  the  calibration  gases,  (a) 

1  he  first  is  to  use  calibration  gases  that  are 
documented  traceable  to  National  Bureau  of 
Standards  Reference  Materials.  Use 

Date 


Traceability  Protocol  for  Establishing  True 
Concentrations  of  Gases  Used  for 
Calibrations  and  Audits  of  Continuous 
Source  Emission  Monitors  (Protocol  Number 
1)  that  is  available  from  the  Environmental 
Monitoring  and  Support  Laboratory.  Quality 
Assurance  Branch,  Mail  Drop  77, 
Environmental  Protection  Agency,  Research 
Triangle  Park,  North  Carolina  27711.  Obtain  a 
certification  from  the  gas  manufacturer  that 
the  protocol  was  followed.  These  calibration 
gases  are  not  to  be  analj-zed  with  the 
Reference  Methods,  (b)  The  second 
alternative  is  to  use  calibration  gases  not 
prepared  according  to  the  protocol.  If  this 
alternative  is  chosen,  within  1  month  prior  to 
the  emission  test,  analyze  each  of  the 
calibration  gas  mixtures  in  triplicate  using 
Reference  Method  7  or  the  procedure  outlined 
in  Citation  8.1  for  NO,  and  use  Reference 
Method  3  for  O*.  Record  the  results  on  a  data 
sheet  (example  is  shown  in  Figure  20-2).  For 
the  low-level,  mid-level,  or  high-level  gas 
mixtures,  each  of  the  individual  NO, 
analytical  results  must  be  within  10  percent 
(or  10  ppm.  whichever  is  greater)  of  the 
triplicate  set  average  (O*  test  results  must  be 
within  0.5  perc;ent  O*);  otherwise,  discard  the 
entire  set  and  repeat  the  triplicate  analyses. 

If  the  average  of  the  triplicate  reference 
method  test  results  is  within  5  percent  for 
NO,  gas  or  0.5  percent  0»  for  the  O*  gas  of 
the  calibration  gas  manufacturer’s  tag  value, 
use  the  tag  value:  otherwise,  conduct  at  least 
three  additional  reference  method  test 
analyses  until  the  results  of  six  individual 
NO,  runs  (the  three  original  plus  three 
additional)  agree  within  10  percent  (or  10 
ppm,  whichever  is  greater)  of  the  average  (O* 
test  n;sults  must  be  within  0.5  percent  O:). 
Then  use  this  average  for  the  cylinder  value. 

5.2  Measurement  System  Preparation. 
Prior  to  the  emission  test,  assemble  the 
measurement  system  following  the 
manufacturer’s  written  instructions  in 
preparing  and  operating  the  NO*  to  NO 
converter,  the  NO,  analyzer,  the  O*  analyzer, 
and  other  components. 


(Must  be  within  1  month  prior  to  the  test  period) 


Reference  method  used 


Sample  run 

Gas  concentration,  ppm  j 

Low  level* 

Mid  levelb 

High  level*^ 

1 

2 

3 

Average 

Maximum  %  deviation^ 

^  Average  must  be  20  to  30%  of  span  value. 

^  Average  must  be  45  to  55%  of  span  value. 

^  Average  must  be  80  to  90%  of  span  value, 
d  Must  be  ^  d:  10%  of  applicable  average  or  10  ppm. 
whichever  is  greater. 

Figure  20-2.  Analysis  of  calibration  gases. 
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5.3  Calibration  Check.  Conduct  the 
calibration  checks  for  both  the  NO,  and  the 
Of  analyzers  as  follows; 

5.3.1  After  the  measurement  system  has  ' 
been  prepared  for  use  (Section  5.2),  introduce 
zero  gases  and  the  mid-level  calibration 
gases;  set  the  analyzer  output  responses  to 
the  appropriate  levels.  Then  introduce  each 
of  the  remainder  of  the  calibration  gases 
described  in  Sections  4.3  or  4.4,  one  at  a  time, 
to  the  measurement  system.  Record  the 
responses  on  a  form  similar  to  Figure  20-3. 

5.3.2  If  the  linear  curve  determined  from 
the  zero  and  mid-level  calibration  gas 
responses  does  not  predict  the  actual 
response  of  the  low-level  (not  applicable  for 
the  Oa  analyzer)  and  high-level  gases  within 
+2  percent  of  the  span  value,  the  calibration 
shall  be  considered  invalid.  Take  corrective 
measures  on  the  measurement  system  before 
proceeding  with  the  test. 

5.4  Interference  Response.  Introduce  the 
gaseous  components  listed  in  Table  20-1  into 
the  measurement  system  separately,  or  as  gas 
mixtures.  Determine  the  total  interference 
output  response  of  the  system  to  these 
components  in  concentration  units;  record  the 
values  on  a  form  similar  to  Figure  20-4.  If  the 
sum  of  the  interference  responses  of  the  test 


gases  for  either  the  NO,  or  Oa  analyzers  is 
greater  than  2  percent  of  the  applicable  span 
value,  take  corrective  measure  on  the 
measurement  system. 


Table  2^^.— Interference  Test  Gas  Concentration 

CO .  SOO  tSOppm 

SO, .  200  i  20  ppm. 

CO, .  I0±1  percent. 

O, .  20.9+1 

percent. 


D.tie  o<  _ -  -  -  — .  -  I 

_ _ Nn 

Anulv/*;i  iMih*  •' 

typ*'  ppiit  res|)(Nisi'  s|hiri 


AiMly/tft  tHitpiit  ft*s|M>nv 
4.  of  tpdn - —  M  bH' 

Irntniinttot 

20  4  iolt'tteioort' 


Turbine  type: _  Identification  number 

Date: _  Test  number - 

Analyzer  type: _  Identification  number 


Cylinder  initial  analyzer  Final  analyzer  Difference: 

value,  response,  responses,  initial-final, 
ppm  or  %  ppm  or  %  ppm  or  %  ppm  or  % 


Percent  drift  = 


Absolute  difference 
Span  value 


X  100. 


Figure  20-3.  Zero  and  calibration  data. 


Conduct  an  interference  response  test  of 
each  analyzer  prior  to  its  initial  use  in  the 
field.  Thereafter,  recheck  the  measurement 
system  if  changes  are  made  in  the 
instrumentation  that  could  alter  the 
interference  response,  e.g.,  changes  in  the 
type  of  gas  detector. 

In  lieu  of  conducting  the  interference 
response  test,  instrument  vendor  data,  which 
demonstrate  that  for  the  test  gases  of  Table 
20-1  the  interference  performance 


specification  is  not  exceeded,  are  acceptable. 

5.5  Residence  and  Response  Time. 

5.5.1  Calculate  the  residence  time  of  the 
sample  interface  portion  of  the  measurement 
system  using  volume  and  pump  flow  rate 
information.  Alternatively,  if  the  response 
time  determined  as  defined  in  Section  5.5.2  is 
less  than  30  seconds,  the  calculations  arc  not 
necessary. 

5.5.2  To  determine  response  time,  first 
introduce  zero  gas  into  the  system  at  the 
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calibration  valve  until  all  readings  are  stable: 
then,  switch  to  monitor  the  stack  effluent 
until  a  stable  reading  can  be  obtained. 

Record  the  upscale  response  time.  Next, 
introduce  high-level  calibration  gas  into  the 
system.  Once  the  system  has  stabilized  at  the 
high-level  concentration,  switch  to  monitor 
the  stack  effluent  and  wait  until  a  stable 
value  is  reached.  Record  the  downscale 
response  time.  Repeat  the  procedure  three 
times.  A  stable  value  is  equivalent  to  a 


5.6  NO2  NO  Conversion  Efficiency. 
Introduce  to  the  system,  at  the  calibration 
valve  assembly,  the  NOi/NO  gas  mixture 
(Section  4.5).  Record  the  response  of  the  NO., 
analyzer.  If  the  instrument  response  indicates 
less  than  90  percent  NO2  to  NO  conversion, 
make  corrections  to  the  measurement  system 
and  repeat  the  check.  Alternatively,  the  NOj 
to  NO  converter  check  described  in  Title  40 
Part  86:  Certification  and  Test  Procedures  for 
I leavy-Duty  Engines  for  1979  and  Later 
Model  Years  may  be  used.  Other  alternate 
procedures  may  be  used  with  approval  of  the 
Administrator. 


change  of  less  than  1  percent  of  span  value 
for  30  seconds  or  less  than  5  percent  of  the 
measured  average  concentration  for  2 
minutes.  Record  the  response  time  data  on  a 
form  similar  to  Figure  20-6,  the  readings  of 
the  upscale  or  downscale  reponse  time,  and 
report  the  greater  time  as  the  “response  time" 
for  the  analyzer.  Conduct  a  response  time 
test  prior  to  the  initial  field  use  of  the 
measurement  system,  and  repeat  if  changes 
are  made  in  the  measurement  system. 


6.  Emission  Measurement  Test  Procedure 

6.1  Preliminaries. 

6.1.1  Selection  of  a  Sampling  Site.  Select  a 

sampling  site  as  close  as  practical  to  the 
exhaust  of  the  turbine.  Turbine  geometry, 
stack  configuration,  internal  baffling,  and 
point  of  introduction  of  dilution  air  will  vary 
for  different  turbine  designs.  Thus,  each  of 
these  factors  must  be  given  special 
consideration  in  order  to  obtain  a 
representative  sample.  Whenever  possible, 
the  sampling  site  shall  be  located  upstream  of 


the  point  of  introduction  of  dilution  air  into 
the  duct.  Sample  ports  may  be  located  before 
or  after  the  upturn  elbow,  in  order  to 
accommodate  the  configuration  of  the  turning 
vanes  and  baffles  and  to  permit  a  complete, 
unobstructed  traverse  of  the  stack.  The 
sample  ports  shall  not  be  located  within  5 
feet  or  2  diameters  (whichever  is  less)  of  the 
gas  discharge  to  atmosphere.  For 
supplementary-fired,  combined-cycle  plants, 
the  sampling  site  shall  be  located  between 
the  gas  turbine  and  the  boiler.  The  diameter 
of  the  sample  ports  shall  be  sufficient  to 
allow  entry  of  the  sample  probe. 

6.1.2  A  preliminary  Os  traverse  is  made 
for  the  purpose  of  selecting  low  Os  values. 
Conduct  this  test  at  the  turbine  condition  that 
is  the  lowest  percentage  of  peak  load 
operation  included  in  the  program.  Follow  the 
procedure  below  or  alternative  procedures 
subject  to  the  approval  of  the  Administrator 
may  be  used: 

6.1.2.1  Minimum  Number  of  Points.  Select 
a  minimum  number  of  points  as  follows:  (1) 
eight,  for  stacks  having  cross-sectional  areas 
less  than  1.5  m*(16.1  ft^:  (2)  one  sample  point 
for  each  0.2  m*  (2.2  ft*  of  areas,  for  stacks  of 
1.5  m*to  10.0  m*  (16.1-107.6  ft=)  in  cross- 
sectional  area;  and  (3)  one  sample  point  for 
each  0.4  m*  (4.4  ft*)  of  area,  for  stacks  greater 
than  10.0  m  *  (107.6  ft  *)  in  cross-sectional 
area.  Note  that  for  circular  ducts,  the  number 
of  sample  points  must  be  a  multiple  of  4,  and 
for  rectangular  ducts,  the  number  of  points 
must  be  one  of  those  listed  in  Table  20-2: 
therefore,  round  off  the  number  of  points 
(upward),  when  appropriate. 

6.1.2.2  Cross-sectional  Layout  and 
Location  of  Traverse  Points.  After  the  number 
of  traverse  points  for  the  preliminary  O* 
sampling  has  been  determined,  use  Method  1 
to  located  the  traverse  points. 

6.1.2.3  Preliminary  O*  Measurement. 

While  the  gas  turbine  is  operating  at  the 
lowest  percent  of  peak  load,  conduct  a 
preliminary  O*  measurement  as  follows: 
Position  the  probe  at  the  first  traverse  point 
and  begin  sampling.  The  minimum  sampling 
time  at  each  point  shall  be  1  minute  plus  the 
average  system  response  time.  Determine  the 
average  steddy-state  concentration  of  O*  at 
each  point  and  record  the  data  on  Figure  20- 
6. 

6.1.2.4  Selection  of  Emission  Test 
Sampling  Points.  Select  the  eight  sampling 
points  at  which  the  lowest  O*  concentration 
were  obtained.  Use  these  same  points  for  all 
the  test  runs  at  the  different  turbine  load 
conditions.  More  than  eight  points  may  be 
used,  if  desired. 

Table  2tl-2.— Cross-sectional  Layout  for 
Rectangular  Stacks 

Matnx 

No  of  traverse  points:  layout 

9..  -  .  3x3 

12..  >  _  . . .  4x3 

16..  . . . .  4x4 

25-  __  _ _ 5x5 

M . . . . . .  6x5 

42 . . L„ .  7x8 

49 .  7  »  7 


Date  of  test 

Analyzer  typp 

S/N 

Span  gas  concentration 

- ppm 

Analyzer  span  setting 

- ppm 

1 

seconds 

Upscale  2 

seconds 

_  seconds 

Average  upscale  response 

seconds 

1 

seconds 

Downscale  2 

_ seconds 

seconds 

I  Average  downscale  response _ 

seconds 

I  System  response  time  =  slower  average  time  =  seconds. 

Figure  20-5.  Response  time 
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Location:  Date 


Plant _ 

City,  State _ 

Turbine  identification: 

Manufacturer _ 

Model,  serial  number 


Sample  point  I  Oxygen  concentration,  ppm 


Figure  20-6.  Preliminary  oxygen  traverse. 


6.2  NOx  and  Oa  Measurement.  This  test  is  6.2.2  Position  the  probe  at  the  tirst  point 
to  be  conducted  at  each  of  the  specified  load  determined  in  the  preceding  section  and 
conditions.  Three  test  runs  at  each  load  begin  sampling.  The  minimum  sampling  time 

condition  constitute  a  complete  test.  at  each  point  shall  be  at  least  1  minute  plus 

6.2.1  At  the  beginning  of  each  NO*  test  the  average  system  response  time.  Determine 

run  and,  as  applicable,  during  the  run,  record  the  average  steady-state  concentration  of  O? 

turbine  data  as  indicated  in  Figure  20-7.  Also,  and  NO,  at  each  point  and  record  the  data  on 
record  the  location  and  number  of  the  Figure  204. 

traverse  points  on  a  diagram. 
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TURBINE  OPERATION  RECORD 


Test  operator _ 

Turbine  identification: 

Type - 

Serial  No _ 

Location: 

Plant _ 

City _ 

Ambient  temperature. 

Ambient  humidity _ 

Test  time  start _ 

Test  time  finish _ 

Fuel  flow  rate® _ i 

Water  or  steam _ 

Flow  rate® 

Ambient  Pressure _ 


Ultimate  fuel 

Analysis  _C _ 

H _ 

O _ 

_N _ 

_S _ 

Ash 

H2O 

Trace  Metals 


Operating  load . 


®Describe  measurement  method,  i.e.,  continuous  flow  meter, 
start  finish  volumes,  etc. 

^i.e.,  additional  elements  added  for  smoke  suppression. 


Figure  20-7.  Stationary  gas  turbine  data. 


Turbine  identification: 


Manufacturer 


Model,  serial  No. . 


Location: 


Test  operator  name _ 

O2  instrument  type _ 

Serial  No. _ 

NO^  instrument  type _ 

Serial  No - 

Sample  I  Time, 
point  min. 


City,  State _ 

Ambient  temperature . 


Ambient  pressure 


Test  time  -  start 


Test  time  -  finish. 


BILLING  CODE  6560-01-C 


®Average  steady-state  value  from  recorder  or 
instrument  readout. 


Figure  20-8.  Stationary  gas  turbine  sample  point  record. 


re  X 
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6.2.3  After  sampling  the  last  point, 
conclude  the  test  run  by  recording  the  Hnal 
turbine  operating  parameters  and  by 
determining  the  zero  and  calibration  drift,  as 
follows: 

Immediately  following  the  test  run  at  each 
load  condition,  or  if  adjustments  are 
necessary  for  the  measurement  system  during 
the  tests,  reintroduce  the  zero  and  mid-level 
calibration  gases  as  described  in  Sections  4.3, 
and  4.4,  one  at  a  time,  to  the  measurement 
system  at  the  calibration  valve  assembly. 
(Make  no  adjustments  to  the  measurement 
system  until  after  the  drift  checks  are  made). 
Record  the  analyzers’  responses  on  a  form 
similar  to  Figure  20-3.  If  the  drift  values 
exceed  the  specified  limits,  the  test  run 
preceding  the  check  is  considered  invalid  and 
will  be  repeated  following  corrections  to  the 
measurement  system.  Alternatively,  the  test 
results  may  be  accepted  provided  the 
measurement  system  is  recalibrated  and  the 
calibration  data  that  result  in  the  highest 
corrected  emission  rate  are  used. 

6.3  SO2  Measurement.  This  test  is 
conducted  only  at  the  100  percent  peak  load 
condition.  Determine  SOj  using  Method  6,  or 
equivalent,  during  the  test.  Select  a  minimum 
of  six  total  points  from  those  required  for  the 
NO.  measurements;  use  two  points  for  each 
sample  run.  The  sample  time  at  each  point 
shall  be  at  least  10  minutes.  Average  the  62 
readings  taken  during  the  NO.  test  runs  at 
sample  points  corresponding  to  the  SO3 
traverse  points  (see  Section  6.2.2)  and  use 
this  average  O2  concentration  to  correct  the 
integrated  SO2  concentration  obtained  by 
Method  6  to  15  percent  O2  (see  Equation  20- 
1). 

If  the  applicable  regulation  allows  fuel 
sampling  and  analysis  for  fuel  sulfur  content 
to  demonstrate  compliance  with  sulfur 
emission  unit,  emission  sampling  with 
Reference  Method  6  is  not  required,  provided 


the  fuel  sulfur  content  meets  the  limits  of  the 
regulation. 

7.  Emission  Calculations 

7.1  Correction  to  15  Percent  Oxygen. 

Using  Equation  20-1,  calculate  the  NO,  and 
SO2  concentrations  (adjusted  to  15  percent 
O2).  The  correction  to  15  percent  O2  is 
sensitive  to  the  accuracy  of  the  O2 
measurement.  At  the  level  of  analyzer  drift 
specified  in  the  method  (±2  percent  of  full 
scale),  the  change  in  the  O2  concentration 
correction  can  exceed  10  percent  when  the  O2 
content  of  the  exhaust  is  above  16  percent  02. 
Therefore  O2  analyzer  stability  and  careful 
calibration  are  necessary. 

•^adj  *  ^meas  ^  (Equation  20-1 ) 

Where: 

0.41= Pollutant  concentration  adjusted  to 
15  percent  O2  (ppm) 

Cn,e»»= Pollutant  concentration  measured, 
dry  basis  (ppm) 

5.9=20.9  percent  O2— 15  percent  O2,  the 
defined  O2  correction  basis 
Percent  02= Percent  O2  measured,  dry 
basis  (%) 

7.2  Calculate  the  average  adjusted  NOx 
concentration  by  summing  the  point  values 
and  dividing  by  the  number  of  sample  points. 

8.  Citations 

8.1  Curtis,  F,  A  Method  for  Analyzing  NO, 
Cylinder  Gases-Specific  Ion  Electrode 
Procedure,  Monograph  available  from 
Emission  Measurement  Laboratory,  ESED, 
Research  Triangle  Park,  N.C.  27711,  October 
1978. 
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